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IMMUNOGENIC COMPOSITIONS FOR STREPTOCOCCUS PYOGENES 

All documents cited herein are incorporated by reference in their entirety. 

CROSS REFERENCE TO RELATED APPLICATIONS, FROM WHICH PRIORITY IS CLAIMED 

This application incorporates by reference in their entirety U.S. provisional patent application No. 
60/491,822, filed on July 31, 2003, and U.S. provisional patent application No. 60/541,565, filed on 
February 3, 2004. 
FIELD OF THE INVENTION 

This invention is in the fields of immunology and vaccinology. In particular, it relates to antigens 
derived from Streptococcus pyogenes and their use in immunisation. All documents cited herein are 
incorporated by reference in their entirety. 
BACKGROUND OF THE INVENTION 

Group A streptococcus ("GAS", S.pyogenes) is a frequent human pathogen, estimated to be present 
in between 5-15% of normal individuals without signs of disease. When host defences are compromised, or 
when the organism is able to exert its virulence, or when it is introduced to vulnerable tissues or hosts, 
however, an acute infection occurs. Related diseases include puerperal fever, scarlet fever, erysipelas, 
pharyngitis, impetigo, necrotising fasciitis, myositis and streptococcal toxic shock syndrome. 

GAS is a gram positive, non-sporeforming coccus shaped bacteria that typically occurs in chains or 
in pairs of cells. Although S.pyogenes may be treated using antibiotics, a prophylactic vaccine to prevent the 
onset of disease is desired. Efforts to develop such a vaccine have been ongoing for many decades. While 
various GAS vaccine approaches have been suggested and some approaches are currently in clinical trials, to 
date, there are no GAS vaccines available to the public. 

It is an object of the invention to provide further and improved compositions for providing immunity 
against GAS disease and/or infection. The compositions preferably include GAS 40, a GAS virulence factor 
identified by Applicants, which is particularly suitable for use in vaccines. In addition, the compositions are 
based on a combination of two or more {e.g. three or more) GAS antigens. 
SUMMARY OF THE INVENTION 

Applicants have discovered a group of thirty GAS antigens that are particularly suitable for 
immunisation purposes, particularly when used in combinations. In addition, Applicants have identified a 
GAS antigen (GAS 40) which is particularly immunogenic used either alone or in combinations with 
additional GAS antigens. 

The invention therefore provides an immunogenic composition comprising GAS 40 (including 
fragments thereof or a polypeptide having sequence identity thereto). A preferred fragment of GAS 40 
comprises one or more coiled-coil regions. The invention further includes an immunogenic composition 
comprising a combination of GAS antigens, said combination consisting of two to ten GAS antigens, 
wherein said combination includes GAS 40 or a fragment thereof or a polypeptide having sequence identity 
thereto. Preferably, the combination consists of three, four, five, six, or seven GAS antigens. Still more 
preferably, the combination consists of three, four, or five GAS antigens. 
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The invention also provides an immunogenic composition comprising a combination of GAS 

antigens, said combination consisting of two to thirty-one GAS antigens of a first antigen group, said first 
antigen group consisting of: GAS 117, GAS 130, GAS 277, GAS 236, GAS 40, GAS 389, GAS 504, GAS 
509, GAS 366, GAS 159, GAS 217, GAS 309, GAS 372, GAS 039, GAS 042, GAS 058, GAS 290, GAS 
5 511, GAS 533, GAS 527, GAS 294, GAS 253, GAS 529, GAS 045, GAS 095, GAS 193, GAS 137, GAS 
084, GAS 384, GAS 202, and GAS 057. These antigens are referred to herein as the 'first antigen group'. 
Preferably, the combination of GAS antigens consists of three, four, five, six, seven, eight, nine, or ten GAS 
antigens selected from the first antigen group. Preferably, the combination of G-AS antigens consists of 
three, four, or five GAS antigens selected from the first antigen group. 
10 GAS 39, GAS 40, GAS 57, GAS 117, GAS 202, GAS 294, GAS 527, GAS 533, and GAS 511 are 

particularly preferred GAS antigens. Preferably, the combination of GAS antigens includes either or both of 
GAS 40 and GAS 117. Preferably, the combination includes GAS 40. 

Representative examples of some of these antigen combinations are discussed below. 
The combination of GAS antigens may consist of three GAS antigens selected from the first antigen 
15 group. Accordingly, in one embodiment, the combination of GAS antigens consists of GAS 40, GAS 117 
and a third GAS antigen selected from the first antigen group. Preferred combinations include GAS 40, 
GAS 1 17 and a third GAS antigen selected from the group consisting of GAS 39, GAS 57, GAS 202, GAS 
294, GAS 527, GAS 533, and GAS 511. 

In another embodiment, the combination of GAS antigens consists of GAS 40 and two additional 
20 GAS antigens selected from the first antigen group. Preferred combinations include GAS 40 and two GAS 
antigens selected from the group consisting of GAS 39, GAS 57, GAS 1 17, GA.S 202, GAS 294, GAS 527, 
GAS 533, and GAS 5 1 1. In another embodiment, the combination of GAS antigens consists of GAS 1 17 
and two additional GAS antigens selected from the first antigen group. 

The combination of GAS antigens may consist of four GAS antigens selected from the first antigen 
25 group. In one embodiment, the combination of GAS antigens consists of GAS 40, GAS 1 17 and two 

additional GAS antigens selected from the first antigen group. Preferred combinations include GAS 40, 
GAS 117, and two GAS antigens selected from the group consisting of GAS 39, GAS 57, GAS 202, GAS 
294, GAS 527, GAS 533, and GAS 511. 

In another embodiment, the combination of GAS antigens consists of GAS 40 and three additional 
30 GAS antigens selected from the first antigen group. Preferred combinations include GAS 40 and three 

additional GAS antigens selected from the group consisting of GAS 39, GAS 57, GAS 1 17, GAS 202, GAS 
294, GAS 527, GAS 533, and GAS 511. In one embodiment, the combination of GAS antigens consists of 
GAS 117 and three additional antigens selected from the first antigen group. 

The combination of GAS antigens may consist of five GAS antigens selected from the first antigen 
35 group. In one embodiment, the combination of GAS antigens consists of GAS 40, GAS 1 17 and three 
additional GAS antigens selected from the first antigen group. Preferred combinations include GAS 40, 
GAS 117 and three additional GAS antigens selected from the group consisting of GAS 39, GAS 57, GAS 
202, GAS 294, GAS 527, GAS 533, and GAS 511. 
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In another embodiment, the combination of GAS antigens consists ot GAS 40 and four additional 

GAS antigens selected from the first antigen group. Preferred combinations include GAS 40 and four 
additional GAS antigens selected from the group consisting of GAS 39, GAS 57, GAS 1 17, GAS 202, GAS 
294, GAS 527, GAS 533, and GAS 511. In one embodiment, the combination of GAS antigens consists of 
5 GAS 1 17 and four additional GAS antigens selected from the first antigen group. 

The combination of GAS antigens may consist of eight GAS antigens selected from the first antigen 
group. In one embodiment, the combination of GAS antigens consists of GAS 40, GAS 1 17 and six 
additional GAS antigens selected from the first antigen group. In one embodiment, the combination of GAS 
antigens consists of GAS 40 and seven additional GAS antigens selected from the first antigen group. In 
10 one embodiment, the combination of GAS antigens consists of GAS 117 and seven additional GAS antigens 
selected from the first antigen group. 

The combination of GAS antigens may consist of ten GAS antigens selected from the first antigen 
group. In one embodiment, the combination of GAS antigens consists of GAS 40, GAS 1 17 and eight 
additional GAS antigens selected from the first antigen group. In one embodiment, the combination of GAS 
15 antigens consists of GAS 40 and nine additional GAS antigens selected from the first antigen group. In one 
embodiment, the combination of GAS antigens consists of GAS 1 17 and nine additional GAS antigens 
selected from the first antigen group. 
BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 identifies a leader peptide sequence, two coiled-coil sequences, a leucine zipper 
20 sequence and a transmembrane sequence within a GAS 40 amino acid sequence. 

FIGURE 2 depicts a schematic of GAS 40 identifying a leader peptide sequence, two coiled-coil 
sequences, a leucine zipper sequence and a transmembrane sequence, as well as coiled-coil regions of GAS 
40 which have low level homology with other Streptococcal proteins of known or predicted function. 

FIGURE 3 includes the BLAST alignment analysis of identified coiled-coil regions of GAS 40 with 

25 other Streptococcus bacteria. 

FIGURE 4 provides predicted secondary structure for an amino acid sequence of GAS 40. 
FIGURE 5 schematically depicts the location of GAS 40 within the GAS genome. It also includes 
comparison schematic depicting a GAS mutant with GAS 40 deleted. Further details on these schematics 
demonstrate the likelihood that GAS 40 was acquired by horizontal transfer through a transposon factor. 
30 FIGURE 6 provides comparison FACS analysis depicting the surface exposure of GAS 40 in a wild 

type strain (and no surface exposure in the GAS 40 deletion mutant). 

FIGURE 7 presents opsonophagocytosis data for GAS 40 (in various expression constructs). 
FIGURE 8 presents immunization and challenge data for several GAS antigens of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 
35 As discussed above, the invention provides compositions comprising a combination of GAS 

antigens, wherein the combinations can be selected from groups of antigens which Applicants have 
identified as being particularly suitable for immunization purposes, particularly when used in 
combination. In particular, the invention includes compositions comprising GAS 40. 
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GAS 40 and the other GAS antigens of the first antigen group are described in more detail below. 

Genomic sequences of at least three GAS strains are publicly available. The genomic sequence of an Ml 

GAS strain is reported at Ferretti et al, PNAS (2001) 98(8):4658 - 4663. The genomic sequence of an M3 

GAS strain is reported at Beres et al., PNAS (2002) 99(15): 10078 - 10083. The genomic sequence of an 

5 M18 GAS strain is reported at Smooet et al., PNAS (2002) 99(7):4668 - 4673. Preferably, the GAS 
antigens of the invention comprise polynucleotide or amino acid sequence of an Ml, M3 or Ml 8 GAS 
strains. More preferably, the GAS antigens of the invention comprise a polynucleotide or amino acid 
sequence of an Ml strain. 

As there will be variance among the identified GAS antigens between GAS M types and GAS strain 

10 isolates, references to the GAS amino acid or polynucleotide sequences of the invention preferably include 
amino acid or polynucleotide sequences having sequence identity thereto. Preferred amino acid or 
polynucleotide sequences have 50% or more sequence identity (e.g., 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more). Similarly, references to the GAS 
amino acid or polynucleotide sequences of the invention preferably include fragments of those sequences, 

15 (i.e., fragments which retain or encode for the immunological properties of the GAS antigen). Preferred 

amino acid fragments include at least n consecutive amino acids, wherein n is 7 or more (e.g., 8, 10, 12, 14, 
16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred polynucleotide 
fragments include at least n consecutive polynucleotides, wherein n is 12 or more (e.g., 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 28, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). In one 

20 embodiment, the amino acid or polynucleotide fragments of the invention are not identical to amino acid or 
polynucleotide sequences from other (non-GAS) bacteria (e.g., the fragments are not identical to sequences 
in other Streptococcus bacteria). 
(l)GAS 40 

GAS 40 corresponds to Ml GenBank accession numbers GI: 13621545 and GI: 15674449, to M3 
25 GenBank accession number GI: 21909733, to M18 GenBank accession number GI: 19745402, and is also 
referred to as 'Spy0269' (Ml), c SpyM3_0197' (M3), 'SpyM18_0256' (M18) and s prgA\ GAS 40 has also 
been identified as a putative surface exclusion protein. Amino acid and polynucleotide sequences of GAS 
40 from an Ml strain are set forth below and in the sequence listing as SEQ ID NOS: 1 and 2. 
SEQ ID NO: 1 

30 MDLEQTKPNQVKQKIALTSTIALLSA SVGVSH 
LTELATALTKTTAEINHLK^ 

EQKAS I S AETTRAQDLVEQVKTS EQNI AKLNAMI SNPDAITKAAQTANDNTKALS S ELEKAKADLENQKAKVKKQLTEEL 
AAQKAALAEKEAELSRLKSSAPSTQDSIVGNOT 

NQYQDIPADRNRFVDPDNLTPEVQNELAQFAAHMINSVRRQLGLPPVTVTAGSQEFARLLSTSYKKTHGNTRPSFVYGQP 
35 GVSGHYGVGPHDKTI I EDSAGASGLIRNDDNMYENI GAFNDVHTVNGIKRGIYDS I KYMLFXDHLHGNTYGHAINFLRVD 
KHNPNAPVYLGFSTSIWGSLNEHFVMFP 

HQEADIMAAQAKVSQLQGKLASTLKQSDSLNLQVRQLNDTKGSLRTELLAAKAKQAQLEATRDQSLAKLASLKAALHQTE 
ALAEQAAARVTAX,VAKKAHLQYLRDFKLN^ 

QLTLLKTLANEKEYRHLDEDIATVPDLQVAPPLTGVKPLSYSKIDTTPLVQEWKETKQLiLEASARIiAAENTSLVAEALV 
40 GOTSEMVASNAIVSKITSSITOPSSKTSYGSGSSTTSNLISDVDESTQRALKAGVWLAAVGLTGFRFRKESK 

SEQ ID NO: 2 

ATGGACTTAGAACAAACGAAGCCAAACCAAGTTAAGCAGAAAATTGCTTTAACCTCAACAAOTTGCTTTATTGAGTGCCA G 

TGTAGGC GTATC TC AC C AAGTC AAAGC AGATGATAGAGC CTC AGGAGAAAC GAAGGCGAGTJVA.TAC TC AC GACG AT AGTT 
45 TACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAACTATTGATGCAGTTGAAAAAACTCTCAGTCAACAAAAAGCAGAA 
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CTGACAGAGCTTGCTACCGCTCTGACAAAAACTACTGCTGAAATCAACCACTTAAAAGAGCAGCAAGATAATGAACAAAA 
AGC TTTAACCTCTGC AC AAGAAATTTAC AC TAATACTCTTGC AAGT AGTGAGGAGAC GCTATTAGC C C AAGGAGCC GAAC 
ATCAAAGAGAGTTAACAGCTACTGAAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCA 
GAAC AAAAAGC TAGC ATTTC AGC AGAAACTACTCGAGC TC AAGATTTAGTGGAAC AAGTC AAAACGTC TGAAC AAAATAT 
5 TGCTAAGC TC AATGCTATGATTAGC AATC CTGATGC TATC ACTAAAGC AGCTC AAAC GGC TAATG ATAATAC AAAAGC AT 
TAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATTGACTGAAGAGTTG 
GC AGC TCAGAAAGCTGCTC TAGC AGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTC AGCTC CGTCTACTCAAGAT AG 
CATTGTGGGTAATAATACCATGAAAGCACCGCAAGGCTATCCTCTTGAAGAACTTAAAAAATTAG^AGCTAGTGGTTATA 
TTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGATCAAATTATTGCCAAAGCTAGTCCAGGTAATCAATTA 

10 AATC AATAC C AAGATATTCC AGC AGATCGT AATCGC TTTGTTGATC C C GATAATTTGAC AC C AGAAGTGC AAAATGAGCT 
AGCGCAGTTTGCAGCTCACATGATTAATAGTGTAAGAAGAC2VATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCAC 
AAGAATTTGCAAGATTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATTTGTCTACGGACAGCCA 
GGGGTATC AGGGC ATTATGGTGTTGGGC CTC ATGATAAAACT ATTATTGAAGACTC TGC C GGAGC GTC AGGGC TC ATTC G 
AAATGATGATAAC ATGTAC GAGAATATC GGTGCTTTTAAC GATGTGC ATACTGTGAATGGTATTAZVAC GTGGTATTT ATG 

15 AC AGTATC AAGTATATGCTCTTTAC AGATC ATTTAC AC GGAAATAC ATACGGC C ATGCT ATTAAC TTTTTAC GTGTAGAT 
AAACATAACCCTAATGCGCCTGTTTACCTTGGATTTTCAACCAGCAATGTAGGATCTTTGAATGAACACTTTGTAATGTT 

TC C AGAGTCTAAC ATTGCTAAC C ATC AAC GCTTTAATAAGAC C C CT ATAAAAGC CGTTGGAAGTAC AAAAGATTATGC C C 
AAAGAGTAGGCACTGTATCTGATACTATTGCAGCGATCAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTATT 
CATC AAGAAGCTGATATTATGGC AGC C CAAGCTAAAGT AAGTC AAC TTC AAGGTAAATTAGC AAGC AC ACTTAAGC AGTC 
20 AGACAGCTTAAATCTCCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAA 

AAC AAGC AC AAC TCGAAGCTAC TC GTGATC AATC ATTAGCTAAGC T AGC ATCGTTGAAAGC C GC ACTGC ACC AGAC AGAA 
GCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCATTTGCAATATCTAAGGGACTTTAA 

ATTGAATC CTAACC GC C TTC AAGTGATAC GTG AGC GC ATTGATAAT AC TAAGC AAGATTTGGCTAAAACTACC TC ATC TT 
TGTTAAATGC AC AAGAAGC TTTAGC AGC CTTACAAGCT AAAC AAAGC AGTC TAGAAGCTACTATT GC TAC C AC AGAAC AC 

25 C AGTTGAC TTTGCTTAAAACC TTAGC TAAC GAAAAGGAATATCGC C AC TTAGAC GAAGATATAGC TAC TGTGC C TG ATTT 
GC AAGTAGCTC C AC C TCTTACGGGC GTAAAAC CGC TATC ATATAGT AAGATAGATACTACTCC GC TTGTTC AAGAAATGG 
TTAAAGAAAC GAAACAACTATTAGAAGC TTC AGC AAGATTAGC TGC TGAAAAT AC AAGTC TTGT AGC AGAAGCGC TTGTT 
GGCCAAACCTCTGAAATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGAC 
ATCTTATnGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAAG AGCTCTTAAAGCAG 

30 GAGTCGTCATGTTGGCAGCTGTCGGCCTCACAGGATTTAGGTTCCGTAAGGAATCTAAGTGA 



Preferred GAS 40 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 1; and/or (b) which is a fragment of at least n consecutive amino 

35 acids of SEQ ID NO: 1, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 
90, 100, 150, 200, 250 or more). These GAS 40 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 1. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 1. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

40 25 or more) from the N~terminus of SEQ ID NO: 1 . 

For example, in one embodiment, the underlined amino acid sequence at the N-terminus (leader 
sequence) of SEQ ID NO: 1 is removed. (The amino acid and polynucleotide sequences for this N terminal 
leader sequence are listed in the sequence listing as SEQ ID NOS: 3 and 4. The amino acid and 
polynucleotide sequences for the remaining GAS 40 fragment are listed in the sequence listing as SEQ ID 

45 NOS: 5 and 6.) 

As another example, in one embodiment, the underlined amino acid sequence at the C-terminus 
(transmembrane region) of SEQ ID NO: 1 is removed. (The amino acid and polynucleotide sequences for 
this transmembrane region are listed in the sequence listing as SEQ ED NOS: 7 and 8. The amino acid and 
polynucleotide sequences for the remaining GAS 40 fragment are listed in the sequence listing as SEQ ID 
50 NOS: 9 and 10). 



-5- 



WO 2005/032582 PCT/US2004/024868 
Other fragments may omit one or more domains of the protein {e.g. omission ot a signal peptide, ol 

a cytoplasmic domain, of a transmembrane domain, or of an extracellular domain). 

Further illustration of domains within GAS 40 is shown in FIGURES 1 and 2. As shown in these 

figures, an amino acid sequence for GAS 40 (SEQ ID NO: 1) contains a leader peptide sequence within 

5 amino acids 1 - 26 (for example SEQ ID NO: 3), a first coiled-coil region within amino acids 58-261 

(SEQ ID NO: 12), a second coiled coil region generally within amino acids 556-733 (SEQ ID NO: 13), a 
leucine zipper region within amino acids 673 - 701 (SEQ ID NO: 14) and a transmembrane region within 
amino acids 855 - 866 (SEQ ID NO: 11). Figure 1 depicts these regions within an amino acid sequence for 
GAS 40, while Figure 2 depicts these regions schematically along the length of the GAS 40 protein. 

10 The coiled-coil regions identified within GAS 40 are likely to form alpha helical coils. These 

structures are frequently involved in oligomerization interactions, for example between different regions of 
the protein or between regions of two separate proteins. The leucine zipper motif within the second coiled- 
coil region contains a series of leucine (or isoleucine) amino acid residues, spaced in such a way as to allow 
the protein to form a specialized oligomerization interaction between two alpha helices. In a leucine zipper 

15 motif, preferably, there are six amino acid residues interspaced between the repeating leucine residues. In a 
leucine zipper oligomeric structure, the alpha helices are thought to be held together by hydrophobic 
interactions between leucine residues, which are located on one side of each helix. Leucine zipper motifs 
are frequently involved in dimerization interactions. The location of the leucine zipper motif within the 
coiled-coil region further indicates the likelihood that this region of the GAS 40 protein is involved in an 

20 oligomerization interaction. 

FIGURE 2 also illustrates that there is low level homology between some of the identified regions 
of GAS 40 and other Streptococcal proteins with known or predicted two dimensional structures or surface 
localization. Such low level homology may indicate a similar secondary structures or even function. For 
example, amino acids 33 to 324 of GAS 40, including the first coiled-coil region, has approximately 22% 

25 sequence identity to a region (amino acids 1 12 to 392) of a protein from Streptococcus gordonii called 

streptococcal surface protein A ("SpA") precursor (Genbank reference GI 25990270, SEQ ID NO: 15). This 
protein is thought to be a surface protein adhesion, involved in the adhesion of that Streptococcus with 
mammalian host cell membranes. The S. gordonii SpA is a member of streptococcal antigen VIL family of 
protein adhesions and recognizes salivary agglutinin glycoprotein (gp-340) and type I collagen. Amino 

30 acids 33 to 258 of GAS 40 also show low level sequence identify (23%) with another S. gordonii protein, 
Streptococcal surface protein B precursor (Genbank reference GI 25055226, SEQ ID NO: 16). 

A similar region of GAS 40 which also overlaps with the first coiled-coil region (amino acids 
43 - 238) demonstrates about 23% sequence identity to a region (amino acids 43 — 238) of a protein 
from Streptococcus pneumoniae called surface protein pspA precursor (Genbank reference GI 282335, 

35 SEQ ID NO: 17). The aminoterminal domain of pspA is thought to be essential for full 

pneumococcal virulence, and monoclonal antibodies raised against it protect mice against 
pneumococcal infections. The pspA domain has a monomelic form with an axial shape ratio of 
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approximately 1:12, typical of fibrous proteins. Sequence analyses indicates an alpha-helical 
coiled-coil structure for this monomelic molecule with only few loop-type breaks in helicity. 

The second coiled-coil region of GAS 40 has about 46% sequence identity to a region 
(amino acids 509 - 717) of a protein from Streptococcus equi called immunoreactive protein 
5 Se89.9 (Genbank reference GI 2330384, SEQ ID NO: 18) (the full length sequence for S e89.9 is 
also available at http://pedant.gsf.de). This Streptococcus equi protein is predicted to be surface 
exposed. BLAST alignment of each of these Streptococcal sequences with GAS 40 is presented in 
Figure 3. 

Further illustration of the two dimensional structure of GAS 40 is shown in Figixre 4. First, 
10 Figure 4(a) presents predicted secondary structure analysis aligned against the amino acid sequence 
for GAS 40. The predicted alpha helical regions in Figure 4 generally correspond to the previously 
noted coiled-coil regions. In Figure 4(b), PairCoil prediction is used to predict the location of 
putative coiled-coils. Here, two coil regions are identified, generally corresponding to the first and 
second coiled coil regions. Figure 4(c) highlights the leucine zipper region and illustrates the 
15 regularly repeating leucine (or isoleucine) amino acid residues which are likely to participate in the 
leucine zipper. 

Accordingly, the first coiled-coil region of GAS 40 comprises an amino acid sequence of at least ten 
(e.g., at least 10, 13, 15, 18, 20, 25, 30, 35, 40, 50, 70, 90, 100 or more) consecutive amino acid residues, 
selected from the N-terminal half of a full length GAS 40 sequence, and predicted to form an alpha-helical 

20 complex based on the functional characteristics of the amino acid residues in the sequence. SEQ ID NO: 12 
is a preferred first coiled-coil region of GAS 40. 

The second coiled-coil region of GAS 40 comprises an amino acid sequence of at least ten (e.g., at 
least 10, 13, 15, 18, 20, 25, 30, 35, 40, 50, 70, 90, 100 or more) consecutive amino acid residues, selected 
from the C-terminal half of a full length GAS 40 sequence, and predicted to form an alpha-helical complex 

25 based on the functional characteristics of the amino acid residues in the sequence. The second coiled-coil 

region preferably includes a leucine zipper motif. SEQ ID NO: 13 is a preferred second coiled-coil region of 
GAS 40. 

The coiled-coil regions of GAS 40 are likely to be involved in the formation of oligomers such as 
dimers or trimers. Such oligomers could be homomers (containing two or more GAS 40 proteins 
30 oligomerized together) or heteromers (containing one or more additional GAS proteins oligomerized with 

GAS 40). Alternatively, the first and second coiled-coil regions may be interacting together within the GAS 
40 protein to form oligomer ic reactions between the first and second coiled-coil regions. 

Accordingly, in one embodiment, the compositions of the invention include a GAS 40 antigen in the 
form of an oligomer. The oligomer may comprise two more GAS 40 antigens or fragments thereof, or it 
35 may comprise GAS 40 or a fragment thereof oligomerized to a second GAS antigen. Preferred GAS 40 

fragments comprise an amino acid sequence selected from the group consisting of the first coiled-coil region 
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and the second coiled-coil region. Such preferred GAS 40 fragments may be used alone or in tne 

combinations of the invention. 

The GAS polynucleotides and amino acid sequences of the invention may be manipulated to 
facilitate or optimise recombinant expression. For example, the N-terminal leader sequence may be replaced 
5 with a sequence encoding for a tag protein such as polyhistidine ("HIS") or glutathione S-transferase 

("GST"). Such tag proteins may be used to facilitate purification, detection and stability of the expressed 
protein. Variations of such modifications for GAS 40 are discussed below. Such modifications can be 
applied to any of the GAS proteins of the invention. 

An example of a GAS 40 sequence with both a GST and a HIS tag is denoted herein as "GST 40 
10 HIS". This construct includes a GAS 40 sequence where the leader sequence is removed, a GST tag coding 
sequence is added to the N-terminus, and a HIS tag coding sequence is added to the C-terminus (using, for 
example, a pGEXNNH vector with Ndel and NotI restriction sites). Polynucleotide and amino acid 
sequences for the fused region of the GST tag, the GAS 40 sequence and the C-termimas HIS tag of 
GST 40 HIS are shown in SEQ ID NOS: 19 and 20. 
15 Alternatively, a single tag sequence may be used. An example of a GAS 40 sequence with just 

a HIS tag is denoted as "40a-HIS". This construct includes a GAS 40 sequence where the N-terminus 
leader sequence and the C-terminus containing the transmembrane sequence is removed. In this 
construct, the HIS tag sequence is added to the C-terminus (using for example, a cloning vector such as 
pET21b+ (Novagen) at the Ndel and NotI restriction sites). Polynucleotide and amino acid sequences 
20 for 40a-HIS are shown in SEQ ID NOS. 21 and 22. 

In addition to the addition of purification tags, recombinant expression may also be facilitated 
by optimising coding sequences to those more abundant or accessible to the recombinant host. For 
example, the polynucleotide sequence AGA encodes an arginine amino acid residue. Arginine may 
also be encoded by the polynucleotide sequence CTG. This CTG codon is preferred by the translational 
25 enzymes in E. coli. In the 40a-HIS polynucleotide sequence SEQ ID NO 21, a C-terminus CTG coding 
for arginine has been replaced with CGT. 

The following codons are generally underrepresented in E.coli: AGA, AGG and CGA. When 
these codons occur in a GAS polynucleotide sequence, they may be replaced with one of the other two 
optional codons encoding for the same amino acid residue. 
30 A total of three ATG codons are optimised to CTG in the "40a~RR-HIS" construct, SEQ ID 

NOS 23 and 24. SEQ ID NO 23 is also shown below, with the optimised codons underlined, (other 
than the additional codon optimisation, 40a-RR-HIS is identical to 40a~HIS.) 
SEQ ID N: 23 

ATGAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAACGAAGGCGAGTAATACTCACGACG 
35 ATAGTTTAC C AAAAC C AGAAAC AATTC AAGAGGC AAAGGC AAC TATTGATGC AGTTGAAAAAAC TC TC AGTC AAC AAAA 
AGC AGAACTGAC AGAGC TTGC TACCGC TCTGAC AAAAAC TAG TGCTGAAATC AAC C AC TTAAAAGAGC AGC AAGATAAT 
GAACAAAAAGCTTTAACCTCTGCACAAGAAATTTACACTAATACTCTTGCAAGTAGTGAGGAGACGCTATTAGCCCAAG 
GAGCCGAACATCAAAGAGAGTTAACAGCTACTGAAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGAC 
TGCATTGTCAGAACAAAAAGCTAGCATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCT 

40 GAAC AAAATATTGCTAAGC TC AATGC TATGATTAGC AATCCTGATGCTATC ACTAAAGC AGCTC AAAC GGC TAATGATA 
ATACAAAAGCATTAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATT 
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GAC TGAAGAGTTGGC AGCTC AGAAAGC TGCTC TAGC AGAAAAAGAGGC AGAACTTAGTC GTCTT AAATC CTC AGC TCC G 
TCTACTC AAGATAGC ATTGTGGGTAATAATACC ATGAAAGC AC C GC AAGGCTATC CTCTTGAAGAACTT AAAAAATTAG 
AAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGATCAAATTATTGCCAAAGCTAG 
TC C AGGTAATC AATTAAATC AATAC C AAGATATTCC AGC AGATCGTAATC GC TTTGTTGATC CCGATA^VTTTGAC ACC A 
5 GAAGTGC AAAATGAGCTAGC GC AGTTTGC AGCTC AC ATGATTAATAGTGT AcGfc cGt C AATTAGGTCT AC C AC C AGTT A 
CTGTTACAGCAGGATCACAAGAATTTGCAAGATTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATC 
ATTTGTCTACGGACAGCCAGGGGTATCAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCC 
GGAGC GTC AGGGCTC ATTC GAAATGATGATAAC ATGTACGAGAATATC GGTGCTTTTAAC GATGTGC ATAC TGTGAATG 
GTATTAAAC GTGGTATTTATGAC AGTATC AAGTATATGCTC TTTAC AGATC ATTTAC ACGGAAATAC ATAC GGC C ATGC 
10 TATTAACTTTTTAC GTGTAGATAAAC ATAACC CTAATGC GC C TGTTTACC TTGGATTTTC AACC AGC AZVTGTAGGATC T 
TTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCATCAACGCTTTAATAAGACCCCTATAAAAGCCG 
TTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGTATCTGATACTATTGCAGCGATCAAAGGAAAAGTAAGCTC 
ATTAGAAAATC GTTTGTC GGCTATTC ATC AAGAAGCTGATATTATGGC AGC C C AAGCTAAAGTAAGTC2\AC TTC AAGGT 
AAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAATCTCCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGA 

15 GAAC AGAATTAC TAGC AGC TAAAGC AAAAC AAGC AC AACTC GAAGC TACTC GTGATC AATC ATTAGCT.AAGC TAGC ATC 
GTTGAAAGCCGCACTGCACCAGACAGAAGCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAA 

GC TC ATTTGC AATATCTAAGGGAC TTT AAATTGAATC CTAAC C GC CTTC AAGTGATAC GTGAGC GCATTGAT AATAC TA 
AGCAAGATTTGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCCTTACAAGCTAAACAAAGCAG 
TC T AGAAGC TAC TATTGCTAC C AC AGAAC AC C AGTTGACTTTGC TTAAAAC CTTAGC T AACGAAAAGG.AATATC GC C AC 
20 TTAGACGAAGATATAGCTACTGTGC C TGATTTGC AAGTAGC TCC ACC TC TTAC GGGCGT AAAAC C GCT.ATC ATAT AGT A 
AGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACGAAACAACTATTAGAAGCTTCAGCAAGATTAGCTGC 
TGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGAAATGGTAGCAAGTAATGCCATTGTGTCTAAA 
ATCACATCTTCGATTACTCAGCCCTCATCTAAGACATCTTATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTG 
ATGTTGATGAAAGTACTCAAcGtGCGGCCGCACTCGAGCACCACCACCACCACCACCAC 

25 

Codon optimisation can also be used without a purification tag. Construct "40a-RR-Nat", SEQ ID 
NOS: 25 and 26, provides such an example. This construct comprises GAS 40 without the NT-terminus 
leader sequence and the C-terminus transmembrane sequence, with three codon optimisations (and does not 
include a HIS tag sequence). 

30 Different cloning vectors can be used to optimise expression in different host cells or under 

different culture conditions. The above discussed constructs used pET21b+ (Novagen) vector which 
includes an IPTG inducible promoter. As an alternative, an E.colilB.subtilis expression shuttle vector 
such as pSM214gNH may be used. This vector uses a constitutive promoter instead of axi IPTG 
inducible promoter. An example of a GAS 40 construct using this vector is denoted as ''HIS-40a-NH ? \ 

35 SEQ ID NOS 27 and 28. In this construct, both the N-terminus leader sequence and the C-terminus 
transmembrane sequence are removed, and a HIS tag is added to the N-terminus. Additional N- 
terminus amino acids are introduced with the cloning. In addition, two nucleotide changes which most 
likely occurred during PGR are indicated - neither of these changes results in amino acid changes. 

As another alternative, the pSM214gCH shuttle vector may be used. An example of a GAS 40 

40 construct using this vector is denoted as "fflS-40a-CH", SEQ ID NOS: 29 and 30. In this construct, the 
N-terminus leader sequence and the C-terminus transmembrane sequence are removed and the HIS tag 
is placed at the C-terminus. Two additional amino acids are also introduced at the amino terminus. 
Three nucleotide changes introduced with the cloning are shown in the DNA sequence, with a resulting 
amino acid change indicated in the protein sequence (from amino acid F to S). 

45 Codon optimisation can also be used with these alternative cloning vectors. GAS 40 construct 

"HIS- 40a-RR-NH" comprises the "HIS~40a-NH" construct with three codon optimisations. HIS-40a~ 
RR-NH is set forth in the sequence listing as SEQ ID NOS: 31 and 32. 
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Accordingly, the GAS antigens used in the invention may be produced recombinantly using 
expression constructs which facilitate their recombinant production. Preferred sequence modifications 
to facilitate expression may be selected from the group consisting of (1) the addition of a purification 
tag sequence and (2) codon optimisation. 
5 As discussed above, Applicants have identified GAS 40 as being particularly suitable for use in 

immunogenic compositions, either alone or in combinations. The use of GAS 40 as a particularly 
effective GAS antigen is supported by its association with virulence, its surface localization, its 
effectiveness in bacterial opsonophagocytosis assays and in immunization challenge experiments. In 
addition, the potential horizonatal acquisition of this virulence factor indicates that this antigen may be 

10 specific to GAS (relative to other Streptococcal bacteria). Further support for the antigenic properties 
of GAS 40 also includes the identification of coiled-coil regions within the GAS 40 two dimensional 
structure, and the low level homology of these regions with surface proteins of other Streptococcal 
bacteria, including some adhesion proteins. 

Applicants' analysis of the location of GAS 40 within the Streptococcal pyogenes genome 

1 5 indicates that this virulence factor was likely acquired by GAS during evolution as a result of a 

horizontal gene transfer. Figure 5 A depicts GAS 40 within the GAS genome. It is preceded on the 5' 
end by a sequence designated "purine operon repressor" or "purR". It is followed on the 3' end by two 
sequences encoding ribosomal proteins designated "ribosomal protein S12", or "rpsL" and "ribosomal 
protein S7" or "rpsG". (Amino acid and polynucleotide sequences for these flanking genes are publicly 

20 available on GenBank. (PurR sequences can be found for example under Genbank reference 

GI: 15674250. RpsL sequences can be found for example under Genbank reference GI: 15674250. 
RpsG sequences can be found for example under Genbank reference GI: 15674250. Notably, there are 
two putative promoter sequences designated at the beginning of the rpsL sequence. Figure 5B depicts a 
GAS mutant where a large portion of GAS 40 is deleted. The only portionof the GAS 40 sequence 

25 remaining corresponds to polynucleotides 1 - 97 of SEQ ID NO: 2. The deletion included one of the 
rpsL promoters, leaving the second, P*, intact. (The horizontal arrows underlining the schematic 
indicate the deleted region.) 

Figure 5C provides additional detail on the wildtype GAS sequence. Here, direct repeat 
sequences, designated "DR'\ are shown flanking the 5' and 3' ends of GAS 40. (The corresponding 

30 sequences in the GAS 40 deletion mutant are identified in Figure 5D). These direct repeat sequences 
are approximately 8 basepairs. One example of such a basepair direct repeat comprises SEQ ED NO: 
136. Such sequence motifs within a bacterial genome frequently indicate a horizontal gene transfer. In 
vivo infection experiments show that the GAS 40 deletion mutant is several logs less virulent than the 
wild type strain. (Details of this experiment are provided in Example 2). 

35 The combination of the presence of the flanking direct repeat sequences and the virulence 

associated with GAS 40 strongly suggests that the GAS 40 sequence was horizontally acquired by 
Streptococcus pyogenes during evolution. Notably, while related purR and rpsL are present in related 
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Streptococcal bacteria Streptococcus agalactiae and Streptococcus mutants, neither ot these bacteria are 
known to have a GAS 40 homologue. (Figure 5E schematically depicts the location of purR, rpsL, and 
rpsG homologues within S. agalactiae (Group B Streptococcus) and shows the percent homology of the 
GBS homologues with the GAS counterparts. Notably, GBS genomes generally only possess one of the 
direct repeat sequences - and do not contain a pair of the direct repeat sequences flanking the GAS 40 
sequence.) 

The surface location of GAS 40 is illustrated by the FACS diagram presented in Figure 6. 
(Discussion of protocols relating to FACS analysis is presented in Example 1). Figure 6 includes FACS 
diagrams for both the wild type GAS (designated DSM 2071, an M23 type of GAS) and the deletion 
mutant (designated DSM 2071A40). The absorbance shift for the wild type strain indicates that GAS 
40 is recognized on the surface of the bacteria by anti-GAS 40 antibodies (and that it is not recognized 
on the surface of the deletion mutant). 

The surface exposure of GAS 40 is farther demonstrated by a bacterial opsonophagocytosis 
assay illustrated in Figure 7 and in Example 3. In this assay, GAS strains are incubated with 
preimmune and immune sera, polymorphonucleates and complement. (The immune sera is generated 
by mouse immunization with the indicated GAS protein.) Phagocytosis or growth of the bacteria are 
measured logarithmically. Positive histogram bars represent phagocytosis (or bacterial death). 
Negative histogram bars represent bacterial growth. As shown in Figure 7, immune sera generated by 
each of the GAS40 expressed proteins resulted in a reduction of bacteria (positive histogram bars). 

Immunization challenge studies with GAS 40 are discussed in detail in Example 4. As shown 
in this example, GAS 40, as produced using various constructs, provides substantial protection in adult 
mice. Notably, most GAS40 constructs provide almost as much protection as GAS M protein. (GAS 
M protein is used for comparison as it is known to be highly immunogenic. However, M protein is 
generally not regarded as a suitable GAS vaccine candidate as it varies widely among GAS strains and 
has epitopes with potential cross-reactivity with human tissues.) In addition, an N-termiixus fragment of 
GAS 40 also provided significant protection in this model. The N-terminus fragment comprises about 
292 amino acids from the N-terminus of GAS 40 overlaps with the first coiled-coil region. "40N-HIS" 
(SEQ ID NOS. 33 and 34) is an example of this GAS 40 fragment which comprises the coiled-coil 
region of GAS 40 and a C-terminus HIS tag. 
(2) GAS 117 

GAS 117 corresponds to Ml GenBank accession numbers GL13621679 and GL15674571, to M3 
GenBank accession number GL21909852, to M18 GenBank accession number GI: 19745578, and is also 
referred to as 'Spy0448' (Ml), 'SpyM3J3316' (M3), and c SpyM18_0491' (M18). Examples of amino acid 
and polynucleotide sequences of GAS 1 17 of an Ml strain are set forth in the sequence listing as SEQ ID 
NOS: 35 and 36. 

Preferred GAS 117 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity {e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
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98%, 99%, 99.5% or more) to SEQ ID NO: 35; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 35, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

70, 80, 90, 100 or more). These GAS 117 proteins include variants (e.g. allelic variants, homologs, 

orthologs, paralogs, mutants, etc.) of SEQ ID NO: 35. Preferred fragments of (b) comprise an epitope from 

5 SEQ ID NO: 1. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, lO, 15, 

20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 5, 20, 

25 or more) from the N-terminus of SEQ ID NO: 35. For example, in one embodiment, the underlined 

amino acid sequence at the N-terminus of SEQ ID NO: 35 (shown below) is removed. (SEQ ID NO: 37 

comprises the removed N-terminal amino acid sequence. SEQ ID NO: 38 comprises a fragment of G-AS 1 17 

10 without the N-terminal amino acid sequence). Other fragments omit one or more domains of the protein 

{e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

extracellular domain). 

SEQ ID NO: 35 

MTLKKHYYLLSLLALVTVGA&FNTSQS 
15 YNLRTVMGL S S E QDI EKHYEELKISrKLHDMYISIHY 

(3) GAS 130 

GAS 130 corresponds to Ml GenBank accession numbers GI: 13621794 and GI: 15674677, to M3 
GenBank accession number GI: 21909954, to M18 GenBank accession number GI: 19745704, and is also 

20 referred to as c Spy0591' (Ml), 'SpyM3_0418' (M3), and 'SpyM18J3660' (M18). GAS 130 has potentially 
been identified as a putative protease. Examples of amino acid and polynucleotide sequences of GAS 130 of 
an Ml strain are set forth in the sequence listing as SEQ ID NOS: 39 and 40. 

Preferred GAS 130 proteins for use with the invention comprise an amino acid sequence: (a) liaving 
50% or more identity {e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%> , 97%, 

25 98%, 99%, 99.5% or more) to SEQ ID NO: 39; and/or (b) which is a fragment of at least n consecutiv-e 

amino acids of SEQ ID NO: 39, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, or more). These GAS 130 proteins include variants {e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 39. Preferred fragments of (b) comprise an epitope^ from 
SEQ ID NO: 39. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

30 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 39. Other fragments omit one or more domains of the 
protein {e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(4) GAS 277 

35 GAS 277 corresponds to Ml GenBank accession numbers GI: 13622962 and GI: 15675742, to M3 

GenBank accession number GI: 2191 1206, to M18 GenBank accession number GI: 19746852, and is also 
referred to as 6 Spyl939' (Ml), <SpyM3_1670' (M3), and 'SpyM18_2006' (M18). Amino acid and 
polynucleotide sequences of GAS 277 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
41 and 42. 
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Preferred GAS 277 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity {e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, 99%, 99.5% or more) to SEQ ID NO: 41; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 41, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

5 70, 80, 90, 100, or more). These GAS 277 proteins include variants (e.g. allelic variants, homologs, 

orthologs, paralogs, mutants, etc.) of SEQ ID NO: 41. Preferred fragments of (b) comprise an epitope from 

SEQ ID NO: 41. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

25 or more) from the N-terminus of SEQ ID NO: 41. For example, in one embodiment, the underlined 

10 amino acid sequence at the N-terminus of SEQ ID NO: 41 (shown below) is removed. (SEQ ID NO: 43 
comprises the underlined N-terminal amino acid. SEQ ID NO: 44 comprises a fragment of GAS 277 with 
the N-terminal amino acid sequence removed). Other fragments omit one or more domains of the protein 
(e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

15 SEQ ID NO: 41 

MTTMQKTISIiLSIiALLIGLLGTSGKAISVYA QDQHTDWIAESTISQVSVEASMRGTEPYIDATVTTDQPVRQPTQATIT 
LKDASDNT INSWVYTMAAQQRRFT AWFDLTGQKSGDYHVTVTVHTQEKAVTGQS GTVHFDQNPCARKT PTNMQ QKDT S KAM 
TNSVDVDTKAQTNQSANQEIDSTSNPFRSA 
WVLLGLWSLAAGLF IAIQKVSRRK 

20 

(5) GAS 236 

GAS 236 corresponds to Ml GenBank accession numbers GI: 13622264 and GI: 15675 106, M3 
GenBank accession number GI: 21910321, and to M18 GenBank accession number GI: 19746075, and is 
also referred to as 'Spy 1126' (Ml), 'SpyM3_0785' (M3), and 'SpyM18_1087' (M18). Amino acid and 
25 polynucleotide sequences of GAS 236 from an Ml strain are set forth in the sequence listing as SEQ ID 
NOS:45and46. 

Preferred GAS 236 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 45; and/or (b) which is a fragment of at least n consecutive 

30 amino acids of SEQ ID NO: 45, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150 or more). These GAS 236 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 45. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 45. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

35 25 or more) from the N-terminus of SEQ ID NO: 45. For example, in one embodiment, the underlined 
amino acid sequence at the N-terminus of SEQ ID NO: 45 (shown below) is removed. (SEQ ID NO: 47 
comprises the N-terminus amino acid sequence. SEQ ID NO: 48 comprises a fragment of GAS 236 with the 
N-terminus sequence removed). Other fragments omit one or more domains of the protein (e.g. omission of 
a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an extracellular domain). 

40 SEQ ID NO: 45 

MTQMN YTGKVKRVA1IANGKYQSKRVASKL 
GHLGFYTDYRDFEVDKLIDlSnLRKDKGEQISYP 
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GI S VSTPTGSTAYNKSLGGAVIiHPT I EAL QLTE.I S SLNNRVFRTLGS S 1 1 1 PKKDKI ELVPKRLGI YT I S I DNKTlsfQIiKN 
VTKVEYFIDDEKIHFVSSPSHTSFWERVKDAFIGEIDS 

(6) GAS 389 

GAS 389 corresponds to Ml GenBank accession numbers GI: 13622996 and GI: 15675772, to HVB 
GenBank accession number GI: 2191 1237, to M18 GenBank accession number GI: 19746884, and is also 

i 

referred to as 'Spyl981' (Ml), 'SpyM3_1701' (M3), 'SpyM18_2045' (M18) and 'relA'. GAS 389 has also 
been identified as a (p)ppGpp synthetase. Amino acid and polynucleotide sequences of GAS 389 from an 
Ml strain are set forth in the sequence listing as SEQ ID NOS: 49 and 50. 

Preferred GAS 389 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 49; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 49, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, SO, 60, 
70, 80, 90, 100, 150, 200, 250 or more). These GAS 389 proteins include variants (e.g. allelic variants* 
homologs, orthologs, paralogs, mutants, etc.) of SEQ ID NO: 49. Preferred fragments of (b) comprise an 
epitope from SEQ ID NO: 49. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4 9 5, 6, 
7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 49. Other fragments omit one or more 
domains of the protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembraixe 
domain, or of an extracellular domain). 

(7) GAS 504 

GAS 504 corresponds to Ml GenBank accession numbers GI: 13622806 and GI: 15675600, to M3 
GenBank accession number GI: 2191 1061, to M18 GenBank accession number GI: 19746708, and is also 
referred to as 'Spy 1751' (Ml), c SpyM3_1525\ 'SpyM18_1823' (M18) and 'fabK\ GAS 504 has also been 
identified as a putative trans -2-enoyl-ACP reductase II. Amino acid and polynucleotide sequences of GAS 
504 of an Ml strain are set forth below and in the sequence listing as SEQ ID NOS: 5 1 and 52. 

Preferred GAS 504 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 51; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 51, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150 or more). These GAS 504 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 51. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 51. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 51. Other fragments omit one or more domains of ttie 
protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(8) GAS 509 

GAS 509 corresponds to Ml GenBank accession numbers GI: 13622692 and GI: 15675496, to M3 
GenBank accession number GI: 21910899, to M18 GenBank accession number GI: 19746544, and is also 
referred to as 'Spyl618' (Ml), t SpyM3_1363' (M3), 'SpyM18__1627' (M18) and 4 cysM\ GAS 509 lias 
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also been identified as a putative O-acetylserine lyase. Amino acid and polynucleotide sequences of GAS 

509 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 53 and 54. 

Preferred GAS 509 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

5 98%, 99%, 99.5% or more) to SEQ ID NO: 53; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 53, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

70, 80, 90, 100, or more). These GAS 509 proteins include variants (e.g. allelic variants, homologs, 

orthologs, paralogs, mutants, etc.) of SEQ ID NO: 53. Preferred fragments of (b) comprise an epitope from 

SEQ ID NO: 53. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

10 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 53. For example, in one embodiment, the underlined 
amino acid sequence at the C-terminus of SEQ ID NO: 53 (shown below) is removed. (SEQ ID NO: 55 
comprises the C-terminus amino acid sequence. SEQ ID NO: 56 comprises a fragment of GAS 509 wittx the 
C-terminus sequence removed). Other fragments omit one or more domains of the protein (e.g. omission of 

15 a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an extracellular domain). 
SEQ ID NO: 53 

MTKI YKTITELVGQTPI IKLNRL I PNEAADVYVKLEAFNPGS SVKDRI ALSMI EAAEAEGLI S PGDVI IE 
PT SGNTGI GL AWVGAAKGYRVI I VMPETMSL ERRQ 1 1 QAYGAELVLT PGAEGMKGAI AKAETLAI ELGAW 
MPMQFNNPANPSIHEKTTAQEILEAFKEISLDAFVSGVGTGGTLSGVSHVLKKANPETVIYAVEAEESAV 
20 liSGOEPGPHKIQGISAGFIPNTLDTKAYDOIIRVKSKDALETARLTGAKEG FLVGISSGAALYAAIEVAK 
QLGKGKHVLTIIiPDISrGERYLSTELYDVPVIKTK 

(9) GAS 366 

GAS 366 corresponds to Ml GenBank accession numbers GI: 13622612, GL 15675424 and 

25 GL30315979, to M3 GenBank accession number GI: 21910712, to M18 GenBank accession number GIr 
19746474, and is also referred to as 'Spyl525' (Ml), c SpyM3_1176' (M3), <SpyM18_1542' (M18) and 
'murD'. GAS 366 has also been identified as a UDP-N-acetylemuramoylalanine-D-glutamate ligase or a D- 
glutamic acid adding enzyme. Amino acid and polynucleotide sequences of GAS 366 of an Ml strain aire 
set forth in the sequence listing as SEQ ID NOS: 57 and 58. 

30 Preferred GAS 366 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 9*7%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 57; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 57, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150 or more). These GAS 366 proteins include variants (e.g. allelic variants, homologs, 

35 orthologs, paralogs, mutants, etc.) of SEQ ID NO: 57. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 57. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, lO, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 57. For example, in one embodiment, the underlined 
amino acid sequence at the N-terminus of SEQ ID NO: 57 (shown below) is removed. (SEQ ID NO: 59 

40 comprises the N-terminus leader sequence. SEQ ID NO: 60 comprises a fragment of GAS 366 where tfae N~ 
terminus sequence is removed). Other fragments omit one or more domains of the protein (e.g. omission of a 
signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an extracellular domain). 
SEQ ID NO: 57 

MKVISNFQNKKILIIjGLAKSGEAAA KXiLT 
45 GIPYDNPMVKRALAKEIPIL^^ 
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GDTLWELSSFQLVGVNAFRPHIAVITl^ 

IPFSTQKWDGAYLKDGILYFKEQAIIAATDLGVPGSHNIENALATIAVAKLSGIADDIIAQCLSHFGGVKHRLQR.VGQI 
KD I TF SKS TNI L ATQKAL S GFDNS 

WAEATELAFKLAQTGDTILLSPANASWDMYPNFEVRGDEFLATFDCIiRGDA 

5 

(10) GAS 159 

AS 159 corresponds to Ml GenBank accession numbers GI: 13622244 and GL15675088, to M3 
GenBank accession number GI: 21910303, to M18 GenBank accession number GI: 19746056, and is 
also referred to as 'SpyllOS' (Ml), 'SpyM3_0767' (M3), 'SpyM18_1067' (M18) and 'potD'. GA.S 
10 159 has also been identified as a putative spermidine/putrescine ABC transporter (a periplasmic 

transport protein). Amino acid and polynucleotide sequences of GAS 159 of an Ml strain are set forth 
below and in the sequence listing as SEQ ID NOS: 61 and 62. 
SEQ ID NO: 61 

MRKLYSFLAGVT^GVIVILTSLSFIL QKKSGSGSQ 
15 GGTTYDIAVPSDYTIDKMIKENLLNK^ 

LWRPEYKNSIMLIDGAREMLGVGLTTFGYSWSK^^ 

S EMLDSNEHLH Y I VPS EGSNLWFDNLVL PKTMKHEKE AYAFLNF INRPENAAQNAAY I GYAT PNKKAKALLPDE I KIND PA 
FYPTDDI IKKIiEVYDNLGSRWLGXYNDIiYLQFtOytYRK 



20 SEQ ID NO: 62 

ATGCGTAAACTTTATTCCTTTCTAGCAGGAGTTTTGGGTGTTATTGTTATTTTAACAAGTCTTTCTTTCATCT TGCAGAA 
AAAATCGGGTTCTGGTAGTCAATCGGATAAATTAGTTATTTATAACTGGGGAGATTACATTGATCCAGCTTTGCTCAAAA 
AATTCACCAAAGAAACGGGCATTGAAGTGCAGTATGAAACTTTCGATTCCAATGAAGCCATGTACACTAAAATCAAGCAG 
GGC GGAAC C AC TTAC GAC ATTGCTGTTC CTAGTGATTAC AC C ATTGATAAAATGATC AAAGAAAACC TAC TC AAT AAGCT 

25 TGATAAGTCAAAATTAGTTGGCATGGATAATATCGGGAAAGAATTTTTAGGGAAAAGCTTTGACCCACAAAACGACTATT 
CTTTGCCTTATTTCTGGGGAACCGTTGGGATTGTTTATAATGATCAATTAGTTGATAAGGCGCCTATGCACTGGGAAGAT 
CTGTGGCGTCCAGAATATAAAAATAGTATTATGCTGATTGATGGAGCGCGTGAAATGCTAGGGGTTGGTTTAACAACTTT 
TGGTTATAGTGTGAATTC TAAAAATCTAGAGC AGTTGC AGGC AGCC GAGAGAAAAC TGC AGC AGTTGACGCCGAATGTTA 
AAGC C ATTGTAGC AGATGAGATGAAAGGCTAC ATGATTC AAGGTGAC GC TGCTATTGGAATTAC CTTTTC TGGTGAAGCC 

30 AGTGAGATGTTAGATAGTAAC GAAC AC C TTC AC TAC ATC GTGC CTTC AGAAGGGTCTAAC CTTTGGTTTGATAATTTGGT 
ACTACCAAAAACCATGAAACACGAAAAAGAAGCTTATGCTTTTTTGAACTTTATCAATCGTCCTGAAAATGCTGCGCAAA 
ATGCTGCATATATTGGTTATGCGACACCAAATAAAAAAGCCAAGGCCTTACTTCCAGATGAGATAAAAAATGATCCTGCT 
TTTTATCCAACAGATGACATTATCAAAAAATTGGAAGTTTATGACAATTTAGGGTCAAG ATGGTTGGGGATTTATAATGA 
TTTATACCTCCAATTTAAAATGTATCGCAAATAA 

35 

Preferred GAS 159 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity {e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 61; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 61, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, SO, 60, 

40 70, 80, 90, 100, 150 or more). These GAS 159 proteins include variants {e.g. allelic variants, homologs, 

orthologs, paralogs, mutants, etc.) of SEQ ID NO: 61. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 61. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 61. For example, in one embodiment, the underlined 

45 amino acid sequence at the N-terminus of SEQ ID NO: 61 (shown below) is removed. (SEQ ID NO: 63 

comprises the N-terminus leader amino acid sequence. SEQ ID NO: 64 comprises a fragment of GAS 159 
where the N-terminus leader amino acid sequence is removed). In another example, the underlined amino 
acid sequence at the C-terminus of SEQ ID NO: 61 is removed. (SEQ ID NO: 65 comprises the C-terminus 
hydrophobic region. SEQ ID NO: 66 comprises a fragment of GAS 159 where the C-terminus hydrophobic 

50 region is removed. SEQ ID NO: 67 comprises a fragment of GAS 159 where both the N-terminus leader 

sequence and C-terminus hydrophobic region are removed.) Other fragments omit one or more domains of 
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the protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

extracellular domain). 

SEQIDNO: 61 

MRKLYSFLAGVI1GVIVILTSI1SFIL QKKSGSGSQSDKLVIYNWGDYIDPALLKKFTKETGIEVQYETFDSNEAM 
5 GGTTYDIAVPSDYTIDKMIKENLLNKM^ 

LWRPE YKNS IML IDGAREMLGVGLTTFGYS WSK^ 

SEMLDSNEHLHYIVPSEGSNIjWFDNLVL 

FYPTDDIIKKLEVYDNLGSRWLGIYNDIiYLQFKMYRK 

10 (11) GAS 217 

GAS 217 corresponds to Ml GenBank accession numbers GI: 13622089 and GI: 15674945, to M3 
GenBank accession number GI: 21910174, to M18 GenBank accession number GI: 19745987, and is also 
referred to as 'Spy0925' (Ml), 'SpyM3_0638' (M3), and c SpyM18_0982' (M18). GAS 217 has also been 
identified as a putative oxidoreductase. Amino acid and polynucleotide sequences of GAS 217 of an Ml 

15 strain are set forth in the sequence listing as SEQ ID NOS: 68 and 69. 

Preferred GAS 217 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 68; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 68, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

20 70, 80, 90, 100, or more). These GAS 217 proteins include variants (e.g. allelic variants, homologs, 

orthologs, paralogs, mutants, etc.) of SEQ ID NO: 68. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 68. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 68. Other fragments omit one or more domains of the 

25 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 
(12) GAS 309 

GAS 309 corresponds to Ml GenBank accession numbers GI: 13621426 and GI: 15674341, to M3 
GenBank accession number GI: 21909633, to M18 GenBank accession number GI: 19745363, and is also 
30 referred to as 'Spy0124' (Ml), 'SpyM3_0097' (M3), 'SpyM18_0205' (M18), 'nra' and 4 rofA\ GAS 309 
has also been identified as a regulatory protein and a negative transcriptional regulator. Amino acid and 
polynucleotide sequences of GAS 309 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
70 and 71. 

Preferred GAS 309 proteins for use with the invention comprise an amino acid sequence: (a) having 
35 50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%> , 
98%, 99%, 99.5% or more) to SEQ ID NO: 70; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 70, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, or more). These GAS 309 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 70. Preferred fragments of (b) comprise an epitope from 
40 SEQ ID NO: 70. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 70. Other fragments omit one or more domains of the 
protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 
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(13) GAS 372 

GAS 372 corresponds to Ml GenBank accession numbers GI: 13622698 and GI: 15675501, to M3 
GenBank accession number GI: 21910905, to M18 GenBank accession number GI: 19746500 and is also 
referred to as c Spyl625' (Ml), 'SpyM3_1369' (M3), and 'SpyM18_1634' (M18). GAS 372 has also been 
5 identified as a putative protein kinase or a putative eukaryotic-type serine/threonine kinase. Amino acid and 
polynucleotide sequences of GAS 372 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
72 and 73. 

Preferred GAS 372 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

10 98%, 99%, 99.5% or more) to SEQ ID NO: 72; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 72, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200, 250 or more). These GAS 372 proteins include variants (e.g. allelic variants, 
homologs, orthologs, paralogs, mutants, etc.) of SEQ ID NO: 72. Preferred fragments of (b) comprise an 
epitope from SEQ ID NO: 72. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 

15 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 72. Other fragments omit one or more 
domains of the protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane 
domain, or of an extracellular domain). 

(14) GAS 039 

20 GAS 039 corresponds to Ml GenBank accession numbers GI: 13621542 and GI: 15674446, to M3 

GenBank accession number GI: 21909730, to M18 GenBank accession number GI: 19745398 and is also 
referred to as 6 Spy0266' (Ml), 'SpyM3J)194' (M3), and 'SpyM18_0250' (M18). Amino acid and 
polynucleotide sequences of GAS 039 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
74 and 75. 

25 Preferred GAS 039 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 74; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 74, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, or more). These GAS 039 proteins include variants (e.g. allelic variants, homologs, 

30 orthologs, paralogs, mutants, etc.) of SEQ ID NO: 74. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 74. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 74. Other fragments omit one or more domains of the 
protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

35 extracellular domain). 

(15) GAS 042 

GAS 042 corresponds to Ml GenBank accession numbers GI: 13621559 and GI: 15674461, to M3 
GenBank accession number GI: 21909745, to M18 GenBank accession number GI: 19745415, and is also 
referred to as c Spy0287' (Ml), 'SpyM3_0209' (M3), and 'SpyM18_0275' (M18). Amino acid and 
40 polynucleotide sequences of GAS 042 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
76 and 77. 
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Preferred GAS 042 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 76; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 76, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
5 70, 80, 90, 100, 150, or more). These GAS 042 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 76. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 76. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 76. Other fragments omit one or more domains of the 
10 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(16) GAS 058 

GAS 058 corresponds to Ml GenBank accession numbers GI: 13621663 and GI: 15674556, to M3 
GenBank accession number GI: 21909841, to M18 GenBank accession number GI: 19745567 and is also 
15 referred to as 'Spy0430' (Ml), c SpyM3__0305' (M3), and 'SpyM18_0477' (M18). Amino acid and 

polynucleotide sequences of GAS 058 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
78 and 79. 

Preferred GAS 058 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

20 98%, 99%, 99.5% or more) to SEQ ID NO: 78; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 78, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, or more). These GAS 058 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 78. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 78. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

25 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 78. For example, in one embodiment, the underlined 
amino acid sequence at the N-terminus of SEQ ID NO: 78 (shown below) is removed. (SEQ ID NO: 80 
comprises the N-terminal leader sequence. SEQ ID NO: 81 comprises a fragment of GAS 58 where the N- 
terminal leader sequence is removed.) Other fragments omit one or more domains of the protein (e.g. 

30 omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an extracellular 
domain). 
SEQ ID NO: 78 

MKWSGFMKTKSKRFLNLATLCLALIj 

KGDDIPERPKIQVPEDVQPSDHGDYRDGYEEGFGEGQHKRDPLETEAEDDSQGGRQEGRQGHQEGADSSDLNVEESDGLS 
35 VIDEWGVIYQAFSTIWTYLSGLF 

(17) GAS 290 

GAS 290 corresponds to Ml GenBank accession numbers GI: 13622978 and GI: 15675757, to M3 
GenBank accession number GI: 21911221, to M18 GenBank accession number GI: 19746869 and is also 
40 referred to as s Spyl959' (Ml), 'SpyM3_1685' (M3), and 'SpyM18_2026' (M18). Amino acid and 

polynucleotide sequences of GAS 290 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
82 and 83. 
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Preferred GAS 290 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, 99%, 99.5% or more) to SEQ ID NO: 82; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 82, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

5 70, 80, 90, 100 or more). These GAS 290 proteins include variants (e.g. allelic variants, homologs, 

orthologs, paralogs, mutants, etc.) of SEQ ID NO: 82. Preferred fragments of (b) comprise an epitope from 

SEQ ID NO: 82. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

25 or more) from the N-terminus of SEQ ID NO: 82. Other fragments omit one or more domains of the 

10 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

extracellular domain). 

(18) GAS 511 

GAS 511 corresponds to Ml GenBank accession numbers GI: 13622798 and GI: 15675592, to M3 
GenBank accession number GI: 21911053, to M18 GenBank accession number GI: 19746700 and is also 
15 referred to as 'Spy 1743' (Ml), 'SpyM3_1517' (M3), 'SpyM18_1815' (M18) and 'accA'. Amino acid and 
polynucleotide sequences of GAS 511 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
84 and 85. 

Preferred GAS 511 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

20 98%, 99%, 99.5% or more) to SEQ ID NO: 84; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 84, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100 or more). These GAS 511 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 84. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 84. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

25 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 84. Other fragments omit one or more domains of the 
protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(19) GAS 533 

30 GAS 533 corresponds to Ml GenBank accession numbers GI: 136229 12 and GL15675696, to M3 

GenBank accession number GI: 21911157, to M18 GenBank accession number GI: 19746804 and is also 
referred to as 'Spy 1877' (Ml), 4 SpyM3__1621' (M3), 'SpyM18„1942' (M18) and fi glnA\ GAS 533 has also 
been identified as a putative glutamine synthetase. Amino acid and polynucleotide sequences of GAS 533 
of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 86 and 87. 

35 Preferred GAS 533 proteins for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 86; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 86, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 533 proteins include variants (e.g. allelic variants, homologs, 

40 orthologs, paralogs, mutants, etc.) of SEQ ID NO: 86. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 86. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
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25 or more) from the N-terminus of SEQ ID NO: 86. Other fragments omit one or more domains of the 

protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(20) GAS 527 

5 GAS 527 corresponds to Ml GenBank accession numbers GI: 13622332, GI: 15675169, and 

GL2421 1764, to M3 GenBank accession number GI: 21910381, to M18 GenBank accession number GI: 
19746136, and is also referred to as 'Spy 1204' (Ml), 'SpyM3_0845' (M3), 6 SpyM18_1155' (M18) and 
'guaA' . GAS 527 has also been identified as a putative GMP synthetase (glutamate hydrolyzing) (glutamate 
amidotransf erase). Amino acid and polynucleotide sequences of GAS 527 of an Ml strain are set forth in 

10 the sequence listing as SEQ ED NOS: 88 and 89. 

Preferred GAS 527 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 88; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 88, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

15 70, 80, 90, 100, 150, 200 or more). These GAS 527 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 88. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 88. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 88. Other fragments omit one or more domains of the 

20 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(21) GAS 294 

GAS 294 corresponds to Ml GenBank accession numbers GI: 13622306, GI: 15675145, and 
GI: 26006773, to M3 GenBank accession number GI: 21910357, to Ml 8 GenBank accession number GI: 
25 19746111 and is also referred to as 'Spyll73' (Ml), 'SpyM3_0821' (M3), 'SpyM18_1125' (M18) and 

'gid' . GAS 294 has also been identified as a putative glucose-inhibited division protein. Amino acid and 
polynucleotide sequences of GAS 294 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
90 and 91. 

Preferred GAS 294 proteins for use with the invention comprise an amino acid sequence: (a) having 
30 50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 90; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 90, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 294 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 90. Preferred fragments of (b) comprise an epitope from 
35 SEQ ID NO: 90. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 90. Other fragments omit one or more domains of the 
protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 
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(22) GAS 253 

GAS 253 corresponds to Ml GenBank accession numbers GI: 1362261 1, GI: 15675423, and 
GL21362716, to M3 GenBank accession number GI: 21910711, to M18 GenBank accession number GI: 
19746473 and is also referred to as £ Spyl524' (Ml), c SpyM3_1175' (M3), 'SpyM18_1541' (M18) and 

5 'murG' . GAS 253 has also been identified as a putative undecaprenyl-PP~MurNAc-pentapeptide- 

UDPGlcNAc GlcNAc transferase. Amino acid and polynucleotide sequences of GAS 253 of an Ml strain 
are set forth in the sequence listing as SEQ ID NOS: 92 and 93. 

Preferred GAS 253 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

10 98%, 99%, 99.5% or more) to SEQ ID NO: 92; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 92, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 253 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 92. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 92. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

15 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 92. Other fragments omit one or more domains of the 
protein {e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

(23) GAS 529 

20 GAS 529 corresponds to Ml GenBank accession numbers GI: 13622403, GI: 15675233, and 

GL21759132, to M3 GenBank accession number GI: 21910446, to M18 GenBank accession number GI: 
19746203 and is also referred to as 'Spy 1280' (Ml), 'SpyM3J)910' (M3), 'SpyM18_1228' (M18) and 
'glmS' . GAS 529 has also been identified as a putative L-glutamine-D-fructose-6-phosphate 
aminotransferase (Glucosamine-6-phophate synthase). Amino acid and polynucleotide sequences of GAS 

25 529 of an Ml strain are set forth below and in the sequence listing as SEQ ID NOS: 94 and 95. 

Preferred GAS 529 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 94; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 94, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

30 70, 80, 90, 100, 150, 200 or more). These GAS 529 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 94. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 94. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 94. Other fragments omit one or more domains of the 

35 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 
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(24) GAS 045 

GAS 045 corresponds to M3 GenBank accession number GI: 21909751, M18 GenBank accesion 
number GI: 19745421 and is referred to as 'SpyM3J)215' (M3), 'SpyM18_oppA' (M18) and 6 oppA\ GAS 
045 has been identified as an oligopeptide permease. Amino acid and polynucleotide sequences of GAS 045 
5 from an Ml strain are set forth in the sequence listing as SEQ ID NOS: 96 and 97. 

Preferred GAS 045 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity {e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 96; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 96, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

10 70, 80, 90, 100, 150, 200 or more). These GAS 045 proteins include variants {e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 96. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 96. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the N-terminus of SEQ ID NO: 96. For example, in one embodiment, the underlined 

15 amino acid sequence at the N-terminus of SEQ ID NO: 96 (shown below) is removed. (SEQ ID NO: 98 
comprises the underlined N-terminal leader sequence. SEQ ID NO: 99 comprises a fragment of GAS 45 
where the N-terminal leader sequence is removed). Other fragments omit one or more domains of the 
protein {e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 

20 SEQ ID NO: 96 

VTFMKKSKWLAAVSVAILSVSALAA C 
NDVPSLAKDWKVSKDGLTYTYTL 
KEVGVKALDDKTVQYTLNKPESYWNS 
YWDAKIWGIESVKLTYSDGSDPGSFYKNFDK^ 
25 TKKDPAQQDAGKKALNNKDFRQAI^ 

DVNLADAQDGFYNPEKAKAEFAKAKEALTAEGVTFPVQ 

THEAQGFYAETPEQQDYDI I S SWWGPDYQDPRTYLDIMS PVGGGS VI QKLGIKAGQNKDWAAAGLDTYQTLLDEAAAIT 
DDNDARYKAYAKAQAYLTDNAVD I PWALGGT PR.VTKAVPF S GGF SWAG S KGPL AYKGMKLQDKPVTVKQYEKAKEKWMK 
AKAKSNAKYAEKLADHVEK 

30 

(25) GAS 095 

GAS 095 corresponds to Ml GenBank accession numbers GI: 13622787 and GL15675582, to M3 
GenBank accession number GI: 21911042, to M18 GenBank accession number GI: 19746634 and is also 
referred to as 'Spyl733' (Ml), < SpyM3_1506' (M3), 6 SpyM18__1741' (M18). GAS 095 has also been 

35 identified as a putative transcription regulator. Amino acid and polynucleotide sequences of GAS 095 of an 
Ml strain are set forth in the sequence listing as SEQ ID NOS: 100 and 101. 

Preferred GAS 095 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity {e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 100; and/or (b) which is a fragment of at least n consecutive 

40 amino acids of SEQ ID NO: 100, wherein n is 7 or more {e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 095 proteins include variants {e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 100. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 100. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
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20, 25 or more) from the N-terminus of SEQ ID NO: 100. For example, in one embodiment, the underlined 

amino acid sequence at the N-terminus of SEQ ID NO: 100 (shown below) is removed. (SEQ ID NO: 102 

comprises the amino acid sequence of the underlined N-terminal leader sequence. SEQ ID NO: 103 

comprises a fragment of GAS 95 where the N-terminal leader sequence is removed.) Other fragments omit 

5 one or more domains of the protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a 

transmembrane domain, or of an extracellular domain). 

SEQ ID NO: 100 

MKIGKKIVLMFTAIVLTTVLALGVY 
NSDSMILVTWPKTKKTTMTSL^ 
10 IDLWAVGGITVTNEFDFPISIAENEPEYQATVAPGTHKINGEQALWARMRYDDPEGDYGRQKRQREVIQKVLKKILAL 
DSXS S YRKILS AVS SNMQTISII EI S SRTI P SLLGYRDALRTI KT YQLKGEDATLSDGGS YQIVTSNHLLEI QNRI RTELGL 
HKVNQLKTNATVYENLYGST 
LAADESSSSGSGSLVPPANINPQT 

15 (26) GAS 193 

GAS 193 corresponds to Ml GenBank accession numbers GI: 13623029 and GI: 15675802, to M3 
GenBank accession number GI: 21911267, to M18 GenBank accession number GI: 19746914 and is also 
referred to as 'Spy2025' (Ml), 'SpyM3_1731' (M3), 'SpyM18_2082' (M18) and c isp\ GAS 193 has also 
been identified as an immunogenic secreted protein precursor. Amino acid and polynucleotide sequences of 

20 GAS 193 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 104 and 105. 

Preferred GAS 193 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 104; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 104, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

25 70, 80, 90, 100, 150, 200 or more). These GAS 193 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 104. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 104. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the N-terminus of SEQ ID NO: 104. Other fragments omit one or more domains of the 

30 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 
(27) GAS 137 

GAS 137 corresponds to Ml GenBank accession numbers GI: 13621842, GI: 15674720 and 
GL30173478, to M3 GenBank accession number GL21909998, to M18 GenBank accession number GI: 
35 19745749 and is also referred to as 'Spy0652' (Ml), 'SpyM3J)462\ and c SpyM18J)713' (M18). Amino 
acid and polynucleotide sequences of GAS 137 of an Ml strain are set forth in the sequence listing as SEQ 
ID NOS: 106 and 107. 

Preferred GAS 137 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%?, 91%, 92%, 93%, 94%, 95%?, 96%?, 97%?, 
40 98%, 99%, 99.5% or more) to SEQ ID NO: 106; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 106, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 137 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 106. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 106. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 



-24- 



WO 2005/032582 PCT/US2004/024868 
15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20, 25 or more) from the N-terminus of SEQ ID NO: 106. Other fragments omit one or more domains of the 

protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

extracellular domain). 

5 (28) GAS 084 

GAS 084 corresponds to Ml GenBank accession numbers GI: 13622398 and GI: 15675229, to M3 
GenBank accession number GI: 21910442, to Ml 8 GenBank accession number GI: 19746199 and is also 
referred to as 'Spy 1274' (Ml), 'SpyM3_0906' and c SpyM18_1223' (M18). GAS 084 has also been 
identified as a putative amino acid ABC transporter/periplasmic amino acid binding protein. Amino acid and 
10 polynucleotide sequences of GAS 084 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 
108 and 109. 

Preferred GAS 084 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 108; and/or (b) which is a fragment of at least n consecutive 

15 amino acids of SEQ ID NO: 108, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 084 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 108. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 108. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20 20, 25 or more) from the N-terminus of SEQ ID NO: 108. For example, in one embodiment, the underlined 
amino acid sequence at the N-terminus of SEQ ID NO: 108 (shown below) is removed. (SEQ ID NO: 1 10 
comprises an amino acid sequence comprising the underlined N-terminal leader sequence of GAS 84. SEQ 
ID NO: 111 comprises a fragment of GAS 84 where the N-terminal leader sequence is removed). Other 
fragments omit one or more domains of the protein (e.g. omission of a signal peptide, of a cytoplasmic 

25 domain, of a transmembrane domain, or of an extracellular domain). 
SEQ ID NO: 108 

MI I KKRTVAILAI AS SFFLVA C QATKSLKSGDAWGVYQKQKS ITVGFDNTFVPMGYKDESGRCKGFDIDLAKEVFHQYGL 
KVNFQAINWDMKEAELNNGKI^ 
SLLRTPKLLKDFIKNKDANQYE 
30 TLQAKINRAFRVLYQNGKFQAI SEKWFGDDVATANIKS 

(29) GAS 384 

GAS 384 corresponds to Ml GenBank accession numbers GI: 13622908 and GI: 15675693, to M3 
GenBank accession number GI: 21911 154, to M18 GenBank accession number GI: 19746801 and is also 

35 referred to as 'Spyl874' (Ml), 'SpyM3_1618' (M3), and 'SpyM18_1939' (M18). GAS 384 has also been 
identified as a putative glycoprotein endopeptidase. Amino acid and polynucleotide sequences of GAS 384 
of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 1 12 and 1 13. 

Preferred GAS 384 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

40 98%, 99%, 99.5% or more) to SEQ ID NO: 1 12; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 1 12, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 384 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 112. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 1 12. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
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15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20, 25 or more) from the N-terminus of SEQ ID NO: 112. Other fragments omit one or more domains of the 

protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

extracellular domain). 

5 (30) GAS 202 

GAS 202 corresponds to Ml GenBank accession numbers GI: 13622431 and GI: 15675258, to M3 
GenBank accession number GI: 21910527, to M18 GenBank accession number GI: 19746290 and is also 
referred to as 'Spy 1309' (Ml), 'SpyM3_0991' (M3), < SpyM18_1321' (M18) and 'dltD'. GAS 202 has also 
been identified as a putative extramembranal protein. Amino acid and polynucleotide sequences of GAS 202 

10 of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 114 and 115. 

Preferred GAS 202 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to SEQ ID NO: 1 14; and/or (b) which is a fragment of at least n consecutive 
amino acids of SEQ ID NO: 1 14, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

15 70, 80, 90, 100, 150, 200 or more). These GAS 202 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 1 14. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 114. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the N-terminus of SEQ ID NO: 1 14. Other fragments omit one or more domains of the 

20 protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 
extracellular domain). 
(31) GAS 057 

GAS 057 corresponds to Ml GenBank accession numbers GI: 13621655 and GI: 15674549, to M3 
GenBank accession number GI: 21909834, to M18 GenBank accession number GI: 19745560 and is also 

25 referred to as 6 Spy0416' (Ml), 'SpyM3J)298' (M3), 6 SpyM18_0464' (M18) and 'prtS'. GAS 057 has also 
been identified as a putative cell envelope proteinase. Amino acid and polynucleotide sequences of GAS 057 
of an Ml strain are set forth in the sequence listing as SEQ ID NOS: 116 and 1 17. 

Preferred GAS 057 proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

30 98%, 99%, 99.5% or more) to SEQ ID NO: 1 16; and/or (b) which is a fragment of at least n consecutive 

amino acids of SEQ ID NO: 116, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200 or more). These GAS 057 proteins include variants (e.g. allelic variants, homologs, 
orthologs, paralogs, mutants, etc.) of SEQ ID NO: 1 16. Preferred fragments of (b) comprise an epitope from 
SEQ ID NO: 116. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

35 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 
20, 25 or more) from the N-terminus of SEQ ID NO: 1 16. For example, in one embodiment, the underlined 
amino acid sequence at the N-terminus of SEQ ID NO: 1 16 (shown below) is removed. (SEQ ID NO: 118 
comprises the underlined N-terminal leader sequence. SEQ ID NO: 119 comprises a fragment of GAS 57 
where the N-terminal leader sequence is removed.) In another example, the underlined amino acid sequence 

40 at the C-terminus of SEQ ID NO: 1 16 is removed. (SEQ ID NO: 120 comprises the underlined C-terminal 
hydrophobic region. SEQ ID NO: 121 comprises a fragment of GAS 57 where the C-terminal hydrophobic 
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region is removed. SEQ ID NO: 122 comprises a fragment of GAS 57 where both the N-terminal leader 

sequence and the C-terminal hydrophobic region are removed.) Other fragments omit one or more domains 

of the protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of 

an extracellular domain). 

5 SEQ ID NO: 116 

MEKKQRFSLRKYKSGTFSVIjIGSVFLVM 

EKEQSQDLVSEPTTTELADTDAASMA^ 

MRISDVSTAKVKSKEDMLARQKAAGINYGSWINDKV^ 

YRPQSTQAPKETVIKTEETDGSHDIDWTQTDDDTKYESHGMWTGIVAGNSKEAAATGERFLGIAPEAQVMFMRVFA3STDI 
10 MGSAESLFIKAIEDAVALGADVINLSLGTAN^^ 

LVGS P S TGRTPT S VAAINS KWVT QRLMT VKELENRADLNHGKAI YS E S VDFKD I KD SLGYDKSHQF AYVKE STDAGYNAQ 
DVKGKIALIERDPNKTYDEMIALAKKH^^ 

FDSVVSKAPSQKGNEM1SIHFSNWGLTSDGYLKPDITAPGGDIYSTYNDN 
LPKEKIADIVKNLLMSNAQIHVNPETK^^ 
15 NKDKTLRYDTELLTDHVDPQKGRFTLTSHSIjK^ 

SQDDQLNRWIPFVGFKGQFENLAVAEESIYRLKSQGKTGFYFDESGPKDDIYVGKHFTGLVTLGSETNVSTKTISDNGL 
HTLGTFKNADGKFILEKNAQGNPV^^ 

NSDIRFAKSTTLLGTAFSGKSLTGAELPDGHYHYWSYYPDWGAKRQEMTFDMILDRQKPVLSQATFDPETNRFKPEPIj 
KDRGLAGVRKDSVFYLERKDNKPYTVTINDSYKWSVEDNKTFVERQADGSFILPLDKAKIiGDFYYWEDFAGWAIAKL 
20 GDHLPQTLGKTPIKLKLTDG]STYQTK 

AFKGLKNTSTsTmDLTVWYAKDDHQKQTPIWSSQAGAS 
ISVNDKKPMITQGRFDTINGVDHFTP 

I S KRDGVTL SD YYYLVEDRAGNVS F ATLRDLKAVGKDKAWNF GLDL P VPEDKQ IVNFTYLVRDADGKP I ENLE YYNNS G 
NSLILPYGKYTVELLTYDTNAAKLESDKIVSFT^ 
25 LEQSLWPKAYGKTVQEGTYEVWSLPKGYRIEGN^ 

TPTKSTTSATAKALPSTGEKMGLKLRIVGLVLLGLTCVFSRKKSTKD 



Representative examples of immunization with GAS antigens of the invention in the murine mouse 
model discussed above are summarized in Figure 8. The first column identifies the GAS antigen used in the 

30 experiment. In some instances purification aspects are referenced in this list. Also, modifications to the 
polynucleotide sequence which have been made to facilitate the recombinant expression of the antigen are 
denoted in the chart with the following annotations: "a" indicates that N or C terminal hydrophobic regions 
have been removed; RR indicates codon optimisation; "NH" and "CH" correspond to the expression vectors 
similar to those indicated in the GAS 40 construct examples. Where a p value is given, it was calculated 

35 based on the control HIS stop values at the bottom of the chart. 

Mice immunized with GAS 40 yielded substantially improved survival rates on challenge - in a 
collection of over 100 mice immunizations, immunization with GAS 40 yielded over 50% survival. The 
other GAS antigens in the chart offered an amount of protection that, for example if combined with GAS 40, 
could offer improved protection. 

40 The immunogenicity of other known GAS antigens may be improved by combination with two or 

more GAS the first antigen group. Such other known GAS antigens include a second antigen group 
consisting of (1) one or more variants of the M surface protein or fragments thereof, (2) fibronectin-binding 
protein, (3) streptococcal heme-associated protein, or (4) SagA. These antigens are referred to herein as the 
"second antigen group". 

45 The invention thus includes an immunogenic composition comprising a combination of GAS 

antigens, said combination consisting of two to thirty-one GAS antigens of the first antigen group and one, 
two, three, or four GAS antigens of the second antigen group. Preferably, the combination consists of three, 
four, five, six, seven, eight, nine, or ten GAS antigens from the first antigen group. Still more preferably, the 
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combination consists of three, four or five*GAS ^antigens from the first antigen group. Preferably, the 

combination of GAS antigens includes either or both of GAS 40 and GAS 1 17. Preferably, the combination 

of GAS antigens includes one or more variants of the M surface protein. 

Each of the GAS antigens of the second antigen group are described in more detail below. 
5 (1) M surface protein 

The M protein is a GAS virulence factor which has been associated with both colonization and 
resistance to phagocytosis. Over 100 different type variants of the M protein have been identified on the 
basis of antigenic specificity and M protein is thought to be the major cause of antigenic shift and antigenic 
drift in GAS. The M protein also binds fibrinogen from serum and blocks the binding of complement to the 
10 underlying peptidoglycan. This action is thought to increase GAS survival within a mammalian host by 
inhibiting phagocytosis. 

Unfortunately, the GAS M protein contains some epitopes which mimic those of mammalian muscle 
and connective tissue. Certain GAS M proteins may be rheumatogenic since they contain epitopes related to 
heart muscle, and may lead to autoimmune rheumatic carditis (rheumatic fever) following an acute infection. 

15 Epitopes having increased bactericidal activity and having decreased likelihood of cross-reacting 

with human tissues have been identified in the amino terminal region and combined into fusion proteins 
containing approximately six, seven, or eight M protein fragments linked in tandem. See Hu et al., 
Infection & Immunity (2002) 70(4):2171 - 2177; Dale, Vaccine (1999) 17:193 - 200; Dale et al., 
Vaccine 14(10):944 - 948; WO 02/094851 and WO 94/06465. (Each of the M protein variants, fragments 

20 and fusion proteins described in these references are specifically incorporated herein by reference.) 

Accordingly, the compositions of the invention may further comprise a GAS M surface protein or a 
fragment or derivative thereof. One or more GAS M surface protein fragments may be combined together in 
a fusion protein. Alternatively, one or more GAS M surface protein fragments are combined with a GAS 
antigen or fragment thereof of the first antigen group. One example of a GAS M protein is set forth in the 

25 sequence listing as SEQ ID NO: 123. 

Preferred GAS M proteins for use with the invention comprise an amino acid sequence: (a) having 
50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, 99.5% or more) to a known M protein such as SEQ ID NO: 123; and/or (b) which is a fragment 
of at least n consecutive amino acids of a known M protein such as SEQ ID NO: 123, wherein n is 7 or more 

30 (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150 or more). These GAS M proteins 
include variants (e.g. allelic variants, homologs, orthologs, paralogs, mutants, etc.) of SEQ ID NO: 123. 
Preferred fragments of (b) comprise an epitope from a known M protein, such as SEQ ID NO: 123. 
Preferably, the fragment is one of those described in the references above. Preferably, the fragment is 
constructed in a fusion protein with one or more additional M protein fragments. Other preferred fragments 

35 lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or 
one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of a known 
M protein such as SEQ ID NO: 123. Other fragments omit one or more domains of the protein (e.g. 
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omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an extracellular 

domain). 

(2) Fibronectin-binding protein 

GAS fibronectin-binding protein ('Sfbl') is a mutlifunctional bacterial protein thought to mediate 
5 attachment of the bacteria to host cells, facilitate bacterial internalization into cells and to bind to the Fc 
fragment of human IgG, thus interfering with Fc-receptor mediated phagocytosis and antibody-dependent 
cell cytotoxicity. Immunization of mice with Sfbl and an 6 H12 fragment' (encoded by positions 1240 - 
1854 of the Sfbl gene) are discussed in Schulze et aL, Vaccine (2003) 21:1958 - 1964; Schulze et aL, 
Infection and Immunity (2001) 69(1):622 - 625 and Guzman et aL, Journal of Infectious Diseases 

10 (1999) 179 :901 - 906. One example of an amino acid sequence for GAS Sfbl is shown in the sequence 
listing as SEQ ID NO: 124. 

Preferred Sfbl proteins for use with the invention comprise an amino acid sequence: (a) having 50% 
or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99%, 99.5% or more) to SEQ ID NO: 124; and/or (b) which is a fragment of at least n consecutive amino 

15 acids of SEQ ID NO: 124, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 
80, 90, 100, or more). These Sfbl proteins include variants (e.g. allelic variants, homologs, orthologs, 
paralogs, mutants, etc.) of SEQ ID NO: 124. Preferred fragments of (b) comprise an epitope from SEQ ID 
NO: 124. Preferably, the fragment is one of those described in the references above. Other preferred 
fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the C- 

20 terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N- 

terminus of SEQ ID NO: 124. Other fragments omit one or more domains of the protein (e.g. omission of a 
signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an extracellular domain). 

(3) Streptococcal heme-associated protein 

The GAS streptococcal heme-associated protein ('Shp') has been identified as a GAS cell surface 
25 protein. It is thought to be cotrascribed with genes encoding homologues of an ABC transporter involved in 
iron uptake in gram-negative bacteria. The Shp protein is further described in Lei et aL, "Identification and 
Characterization of a Novel Heme- Associated Cell Surface Protein Made by Streptococcus pyogenes", 
Infection and Immunity (2002) 70(8):4494 - 4500. One example of a Shp protein is shown in the 
sequence listing as SEQ ID NO: 125. 
30 Preferred Shp proteins for use with the invention comprise an amino acid sequence: (a) having 50% 

or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99%, 99.5% or more) to SEQ ID NO: 125; and/or (b) which is a fragment of at least n consecutive amino 
acids of SEQ ID NO: 125, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 
80, 90, 100 or more). These Shp proteins include variants (e.g. allelic variants, homologs, orthologs, 
35 paralogs, mutants, etc.) of SEQ ID NO: 125. Preferred fragments of (b) comprise an epitope from SEQ ID 

NO: 125. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 
or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or 
more) from the N-terminus of SEQ ID NO: 125. Other fragments omit one or more domains of the protein 
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(e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of an 

extracellular domain). 

(4) SagA 

Streptolysin S (SLS), also known as 'SagA', is thought to be produced by almost all GAS colonies. 
5 This cytolytic toxin is responsible for the beta-hemolysis surrounding colonies of GAS grown on blood agar 
and is thought to be associated with virulence. While the full SagA peptide has not been shown to be 
immunogenic, a fragment of amino acids 10 - 30 (SagA 10 - 30) has been used to produce neutralizing 
antibodies. See Dale et al., "Antibodies against a Synthetic Peptide of SagA Neutralize the Cytolytic 
Activity of Streptolysin S from Group A Streptococci", Infection and Immunity (2002) 70(4):2166 - 
10 2170. The amino acid sequence of SagA 10 - 30 is shown in the sequence listing as SEQ ID NO: 126. 

Preferred SagA 10-30 proteins for use with the invention comprise an amino acid sequence: (a) 
having 50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 126; and/or (b) which is a fragment of at least n 
consecutive amino acids of SEQ ID NO: 126, wherein n is 7 or more (e.g. 8, 10, 12, 14, 16, 18, or 20). These 
15 SagA 10 - 30 proteins include variants (e.g. allelic variants, homologs, orthologs, paralogs, mutants, etc.) of 
SEQ ID NO: 126. 

There is an upper limit to the number of GAS antigens which will be in the compositions of the 
invention. Preferably, the number of GAS antigens in a composition of the invention is less than 20, less 
than 19, less than 18, less than 17, less than 16, less than 15, less than 14, less than 13, less than 12, less than 

20 11, less than 10, less than 9, less than 8, less than 7, less than 6, less than 5, less than 4, or less than 3. Still 
more preferably, the number of GAS antigens in a composition of the invention is less than 6, less than 5, or 
less than 4. Still more preferably, the number of GAS antigens in a composition of the invention is 3. 
The GAS antigens used in the invention are preferably isolated, i.e., separate and discrete, from the whole 
organism with which the molecule is found in nature or, when the polynucleotide or polypeptide is not found 

25 in nature, is sufficiently free of other biological macromolecules so that the polynucleotide or polypeptide 
can be used for its intended purpose. 
Fusion proteins 

The GAS antigens used in the invention may be present in the composition as individual separate 
polypeptides, but it is preferred that at least two (i.e. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 

30 or 20) of the antigens are expressed as a single polypeptide chain (a 'hybrid' polypeptide). Hybrid 

polypeptides offer two principal advantages: first, a polypeptide that may be unstable or poorly expressed on 
its own can be assisted by adding a suitable hybrid partner that overcomes the problem; second, commercial 
manufacture is simplified as only one expression and purification need be employed in order to produce two 
polypeptides which are both antigenically useful. 

35 The hybrid polypeptide may comprise two or more polypeptide sequences from the first antigen 

group. Accordingly, the invention includes a composition comprising a first amino acid sequence and a 
second amino acid sequence, wherein said first and second amino acid sequences are selected from a GAS 
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antigen or a fragment thereof of the first antigen group. Preferably, the first and second amino acid 

sequences in the hybrid polypeptide comprise different epitopes. 

The hybrid polypeptide may comprise one or more polypeptide sequences from the first antigen 

group and one or more polypeptide sequences from the second antigen group. Accordingly, the invention 

5 includes a composition comprising a first amino acid sequence and a second amino acid sequence, said first 

amino acid sequence selected from a GAS antigen or a fragment thereof from the first antigen group and 

said second amino acid sequence selected from a GAS antigen or a fragment thereof from the second antigen 

group. Preferably, the first and second amino acid sequences in the hybrid polypeptide comprise different 

epitopes. 

10 Hybrids consisting of amino acid sequences from two, three, four, five, six, seven, eight, nine, or ten 

GAS antigens are preferred. In particular, hybrids consisting of amino acid sequences from two, three, four, 

or five GAS antigens are preferred. 

Different hybrid polypeptides may be mixed together in a single formulation. Within such 

combinations, a GAS antigen may be present in more than one hybrid polypeptide and/or as a non-hybrid 
15 polypeptide. It is preferred, however, that an antigen is present either as a hybrid or as a non-hybrid, but not 

as both. 

Hybrid polypeptides can be represented by the formula NH 2 -A-{-X-L-} M -B-COOH, wherein: X is 
an amino acid sequence of a GAS antigen or a fragment thereof from the first antigen group or the second 
antigen group; L is an optional linker amino acid sequence; A is an optional N-terminal amino acid 
20 sequence; B is an optional C-terminal amino acid sequence; and n is 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 
15. 

If a -X- moiety has a leader peptide sequence in its wild-type form, this may be included or omitted 
in the hybrid protein. In some embodiments, the leader peptides will be deleted except for that of the -X- 
moiety located at the N-terminus of the hybrid protein Le. the leader peptide of X x will be retained, but the 

25 leader peptides of X 2 . . . X n will be omitted. This is equivalent to deleting all leader peptides and using the 
leader peptide of Xi as moiety -A-. 

For each n instances of {-X-L-}, linker amino acid sequence -L- may be present or absent. For 
instance, when ;z=2 the hybrid may be N^-Xx-Li-Xz-La-COOH, NH^Xx-X^COOH, NH 2 -X 1 -L 1 -X 2 -COOH, 
NH 2 -Xi-X 2 -L 2 -COOH, etc. Linker amino acid sequence(s) -L- will typically be short {e.g. 20 or fewer amino 

30 acids le. 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples comprise short peptide 

sequences which facilitate cloning, poly-glycine linkers {i.e. comprising Gly„ where n = 2, 3, 4, 5, 6, 7, 8, 9, 
10 or more), and histidine tags {Le. His„ where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable linker 
amino acid sequences will be apparent to those skilled in the art. A useful linker is GSGGGG, with the 
Gly-Ser dipeptide being formed from a BamHI restriction site, thus aiding cloning and manipulation, and the 

35 (Gly) 4 tetrapeptide being a typical poly-glycine linker. 

-A- is an optional N-terminal amino acid sequence. This will typically be short {e.g. 40 or fewer 
amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 
15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct protein 
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trafficking, or short peptide sequences which facilitate cloning or purification (e.g. histidine tags i.e. His,, 

where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid sequences will be apparent to 

those skilled in the art. If Xi lacks its own N-terminus methionine, -A- is preferably an oligopeptide (e.g. 

with 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) which provides a N-terminus methionine. 

5 -B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer 

amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 

15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include sequences to direct protein trafficking, short 

peptide sequences which facilitate cloning or purification (e.g. comprising histidine tags i.e. His„ where n = 

3, 4, 5, 6, 7, 8, 9, 10 or more), or sequences which enhance protein stability. Other suitable C-terminal amino 

10 acid sequences will be apparent to those skilled in the art. 

Most preferably, n is 2 or 3. 

The fusion constructs of the invention may include a combination of two or more GAS antigens, 
wherein said combination includes GAS 40 or a fragment thereof or a polypeptide having sequence identity 
thereto. 

15 The fusion constructs of the invention may include a combination of GAS antigens, said 

combination consisting of two to thirty-one GAS antigens of the first antigen group, said first antigen group 
consisting of: GAS 117, GAS 130, GAS 277, GAS 236, GAS 40, GAS 389, GAS 504, GAS 509, GAS 366, 
GAS 159, GAS 217, GAS 309, GAS 372, GAS 039, GAS 042, GAS 058, GAS 290, GAS 511, GAS 533, 
GAS 527, GAS 294, GAS 253, GAS 529, GAS 045, GAS 095, GAS 193, GAS 137, GAS 084, GAS 384, 

20 GAS 202, and GAS 057. Preferably, the combination of GAS antigens consists of three, four, five, six, 

seven, eight, nine, or ten GAS antigens selected from the first antigen group. Preferably, the combination of 
GAS antigens consists of three, four, or five GAS antigens selected from the first antigen group. 

GAS 39, GAS 40, GAS 57, GAS 117, GAS 202, GAS 294, GAS 527, GAS 533, and GAS 511 are 
particularly preferred GAS antigens for use in the fusion constructs of the invention. Preferably, the 

25 combination of GAS antigens includes either or both of GAS 40 and GAS 1 17. Preferably, the combination 
includes GAS 40. 

Recombinant expression of the fusion constructs of the invention may be improved or optimised by 
the same methods described for the expression of the GAS antigens alone (discussed above). Fusion 
constructs of GAS 40 and GAS 1 17 are exemplified below. 

30 In the first example, GAS 1 17 is linked to GAS 40a-RR. (As discussed above, GAS 40a-RR is a 

codon optimised GAS 40 sequence where the N-terminal leader sequence and the C-terminal transmembrane 
sequence are removed). In this construct a GAS 1 17 fragment (where the N-terminal leader sequence is 
removed) is placed to the N-terminus of the GAS 40 sequence and a HIS tag is added to the C-terminus of 
the GAS 40 sequence. This construct is designated "117-40a-RR". Amino acid and polynucleotide 

35 sequences for this construct are shown in the sequence listing as SEQ ID NOS: 127 and 128. 

The GAS 117 and GAS 40 sequences are preferably linked by a linker sequence comprising 
multiple Glycine residues. For example, the linker used in 1 17-40a-RR fusion construct, a linker sequence 
of SEQ ID NO: 129 (YASGGGS) is used. 
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In a second example, the relative locations of the GAS 40 and GAS 117 sequences can be 

exchanged. In this construct, designated "40a-RR-117", the GAS 40a-RR sequence is placed to the N- 

terminus of the GAS 1 17 sequence and the HIS tag is added to the C-terminus of the GAS 117 sequence. 

Amino acid and polynucleotide sequences for this fusion construct are shown in the sequence listing as SEQ 

5 IDNOS: 130 and 131. 

Alternatively, the fusion constructs may be designed without codon optimisations. For example, 

polynucleotide and amino acid sequences for fusion construct "1 17-40a" is shown in the sequence listing as 

SEQ ID NOS: 132 and 133. (While no codon optimisations were used, three point mutations apparently 

occurred during the cloning, only one of which involved a conservative amino acid change (Glucine to 

10 Glycine). In the murine immunization model (previously discussed above), immunization with "1 17-40a" 
has yielded up to 80 % survival upon challenge. 

A preferred GAS40 fusion sequence comprises a fragment of GAS 40 comprising one or more of 
the coiled-coil regions. For example, the fusion construct may comprise a GAS 40 sequence comprising the 
first coiled-coil region. "117-40N" is an example of this type of construct. Amino acid and polynucleotide 

15 sequences for this construct are shown in the sequence listing as SEQ ID NOS; 132 and 133. 

The invention also provides nucleic acids encoding hybrid polypeptides of the invention. 
Furthermore, the invention provides nucleic acid which can hybridise to this nucleic acid, preferably under 
"high stringency" conditions (e.g. 65°C in a O.lxSSC, 0.5% SDS solution). 

The GAS antigens of the invention may also be used to prepare antibodies specific to the GAS 

20 antigens. The antibodies are preferably specific to the first or second coiled-coil regions of GAS 40. The 
invention also includes the use of combination of two or more types of antibodies selected from the group 
consisting of antibodies specific to GBS 80, GAS 117, GAS 130, GAS 277, GAS 236, GAS 40, GAS 389, 
GAS 504, GAS 509, GAS 366, GAS 159, GAS 217, GAS 309, GAS 372, GAS 039, GAS 042, GAS 058, 
GAS 290, GAS 511, GAS 533, GAS 527, GAS 294, GAS 253, GAS 529, GAS 045, GAS 095, GAS 193, 

25 GAS 137, GAS 084, GAS 384, GAS 202, and GAS 057. Preferably, the combination includes an antibody 
specific to GAS 40, or a fragment thereof. 

The GAS specific antibodies of the invention include one or more biological moieties that, through 
chemical or physical means, can bind to or associate with an epitope of a GAS polypeptide. The antibodies 
of the invention include antibodies which specifically bind to a GAS antigen, preferably GAS 80. The 

30 invention includes antibodies obtained from both polyclonal and monoclonal preparations, as well as the 
following: hybrid (chimeric) antibody molecules (see, for example, Winter et al. (1991) Nature 349 : 293- 
299; and US Patent No. 4,816,567; F(ab') 2 and F(ab) fragments; F v molecules (non-covalent heterodimers, 
see, for example, Inbar et al. (1972) Proc Natl Acad Sci USA 69:2659-2662; and Ehrlich et al (1980) 
Biochem 19:4091-4096); single-chain Fv molecules (sFv) (see, for example, Huston et al (1988) Proc Natl 

35 Acad Sci USA 85-5897-5883); dimeric and trimeric antibody fragment constructs; minibodies (see, e.g., 

Pack et al (1992) Biochem 31 : 1579-1584; Cumber et al. (1992) J Immunology 149B : 120-126); humanized 
antibody molecules (see, for example, Riechmann et al. (1988) Nature 332 :323-327; Verhoeyan et al 
(1988) Science 239:1534-1536; and U.K. Patent Publication No. GB 2,276,169, published 21 September 
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1994); and, any functional fragments obtained from such molecules, wherein such fragments retain 

immunological binding properties of the parent antibody molecule. The invention further includes 
antibodies obtained through non-conventional processes, such as phage display. 

Preferably, the GAS specific antibodies of the invention are monoclonal antibodies. Monoclonal 
5 antibodies of the invention include an antibody composition having a homogeneous antibody population. 
Monoclonal antibodies of the invention may be obtained from murine hybridomas, as well as human 
monoclonal antibodies obtained using human rather than murine hybridomas. See, e.g., Cote, et al. 
Monoclonal Antibodies and Cancer Tlierapy, Alan R. Liss, 1985, p 77. 

Polypeptides of the invention can be prepared by various means (e.g. recombinant expression, 
10 purification from cell culture, chemical synthesis, etc.) and in various forms (e.g. native, fusions, 

non-glycosylated, lipidated, etc.). They are preferably prepared in substantially pure form (Le. substantially 
free from other GAS or host cell proteins). 

Nucleic acid according to the invention can be prepared in many ways (e.g. by chemical synthesis, 
from genomic or cDNA libraries, from the organism itself, etc.) and can take various forms (e.g. single 
15 stranded, double stranded, vectors, probes, etc.). They are preferably prepared in substantially pure form (i.e. 
substantially free from other GAS or host cell nucleic acids). 

The term "nucleic acid" includes DNA and RNA, and also their analogues, such as those containing 
modified backbones (e.g. phosphorothioates^ etc.), and also peptide nucleic acids (PNA), etc. The invention 
includes nucleic acid comprising sequences complementary to those described above (e.g. for antisense or 
20 probing purposes). 

The invention also provides a process for producing a polypeptide of the invention, comprising the 
step of culturing a host cell transformed with nucleic acid of the invention under conditions which induce 
polypeptide expression. 

The invention provides a process for producing a polypeptide of the invention, comprising the step 
25 of synthesising at least part of the polypeptide by chemical means. 

The invention provides a process for producing nucleic acid of the invention, comprising the step of 
amplifying nucleic acid using a primer-based amplification method (e.g. PGR). 

The invention provides a process for producing nucleic acid of the invention, comprising the step of 
synthesising at least part of the nucleic acid by chemical means. 
30 Strains 

Preferred polypeptides of the invention comprise an amino acid sequence found in an Ml, M3 or 
M18 strain of GAS. The genomic sequence of an Ml GAS strain is reported at Ferretti et al, PNAS (2001) 
98(8):4658 - 4663. The genomic sequence of an M3 GAS strain is reported at Beres et al., PNAS (2002) 
99(15): 10078 - 10083. The genomic sequence of an M18 GAS strain is reported at Smooet et al., PNAS 
35 (2002) 99(7):4668 - 4673. 

Where hybrid polypeptides are used, the individual antigens within the hybrid (/. e. individual -X- 
moieties) may be from one or more strains. Where n=2, for instance, X 2 may be from the same strain as Xi 
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or from a different strain. Where ;i=3, the strains might be (i) Xi=X 2 =X 3 (ii) Xi=X 2 £K 3 (iii) X^X 2 =X 3 

(iv) Xii£X 2 £X 3 or (v) X!=X 3 £X 2 , etc. 

Purification and Recombinant Expression 

The GAS antigens of the invention may be isolated from a Streptococcus pyogenes, or they may be 

5 recombinantly produced, for instance, in a heterologous host. Preferably, the GAS antigens are prepared 

using a heterologous host. The heterologous host may be prokaryotic {e.g. a bacterium) or eukaryotic. It is 

preferably E. coli, but other suitable hosts include Bacillus subtilis, Vibrio cholerae, Salmonella typhi, 

Salmonella typhimurium, Neisseria lactamica, Neisseria cinerea, Mycobacteria (e.g. M. tuberculosis), 

yeasts, etc. 

10 Recombinant production of polypeptides is facilitated by adding a tag protein to the GAS antigen to 

be expressed as a fusion protein comprising the tag protein and the GAS antigen. Such tag proteins can 
facilitate purification, detection and stability of the expressed protein. Tag proteins suitable for use in the 
invention include a polyarginine tag (Arg-tag), polyhistidine tag (His-tag), FLAG-tag, Strep-tag, c-myc-tag, 
S-tag, calmodulin-binding peptide, cellulose-binding domain, SBP-tag„ chitin-binding domain, glutathione 

15 S-transferase-tag (GST), maltose-binding protein, transcription termination anti-terminiantion factor (NusA), 
E. coli thioredoxin (TrxA) and protein disulfide isomerase I (DsbA). Preferred tag proteins include His-tag 
and GST. A full discussion on the use of tag proteins can be found at Terpe et al., Appl Microbiol 
Biotechnol (2003) 60:523 - 533. 

After purification, the tag proteins may optionally be removed from the expressed fusion protein, 

20 i.e., by specifically tailored enzymatic treatments known in the art. Commonly used proteases include 
enterokinase, tobacco etch virus (TEV), thrombin, and factor X a . 
Immunogenic compositions and medicaments 

Compositions of the invention are preferably immunogenic compositions, and are more preferably 
vaccine compositions. The pH of the composition is preferably between 6 and 8, preferably about 7. The pH 

25 may be maintained by the use of a buffer. The composition may be sterile and/or pyrogen-free. The 
composition may be isotonic with respect to humans. 

Vaccines according to the invention may either be prophylactic (i.e. to prevent infection) or 
therapeutic (i.e. to treat infection), but will typically be prophylactic. Accordingly, the invention includes a 
method for the therapeutic or prophylactic treatment of a Streptococcus pyogenes infection in an animal 

30 susceptible to streptococcal infection comprising administering to said animal a therapeutic or prophylactic 
amount of the immunogenic compositions of the invention. Preferably, the immunogenic composition 
comprises a combination of GAS antigens, said combination consisting of two to thirty-one GAS antigens of 
the first antigen group. Preferably, the combination of GAS antigens consists of three, four, five, six, seven, 
eight, nine, or ten GAS antigens selected from the first antigen group. Preferably, the combination of GAS 

35 antigens consists of three, four, or five GAS antigens selected from the first antigen group. Preferably, the 
combination of GAS antigens includes either or both of GAS 40 and GAS 1 17. 

Alternatively, the invention includes an immunogenic composition comprising a combination of 
GAS antigens, said combination consisting of two to thirty-one GAS antigens of the first antigen group and 
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one, two, three, or four GAS antigens of the second antigen group. Preferably, the combination consists of 

three, four, five, six, seven, eight, nine, or ten GAS antigens from the first antigen group. Still more 
preferably, the combination consists of three, four or five GAS antigens from the first antigen group. 
Preferably, the combination of GAS antigens includes either or both of GAS 40 and GAS 117. Preferably, 
5 the combination of GAS antigens includes one or more variants of the M surface protein. 

The invention also provides a composition of the invention for use as a medicament. The 
medicament is preferably able to raise an immune response in a mammal (i.e. it is an immunogenic 
composition) and is more preferably a vaccine. 

The invention also provides the use of the compositions of the invention in the manufacture of a 
10 medicament for raising an immune response in a mammal. The medicament is preferably a vaccine. 
The invention also provides for a kit comprising a first component comprising a combination of GAS 
antigens. In one embodiment, the combination of GAS antigens consists of a mixture of two to thirty-one 
GAS antigens selected from the first antigen group. Preferably, the combination consists of three, four, five, 
six, seven, eight, nine, or ten GAS antigens from the first antigen group. Preferably, the combination 
15 consists of three, four, or five GAS antigens from the first antigen group. Preferably, the combination 
includes either or both of GAS 1 17 and GAS 040. 

In another embodiment, the kit comprises a first component comprising a combination of GAS 
antigens consisting of a mixture of two to thirty-one GAS antigens of the first antigen group and one, two, 
three, or four GAS antigens of the second antigen group. Preferably, the combination consists of three, four, 
20 five, six, seven, eight, nine, or ten GAS antigens from the first antigen group. Still more preferably, the 
combination consists of three, four or five GAS antigens from the first antigen group. Preferably, the 
combination of GAS antigens includes either or both of GAS 40 and GAS 117. Preferably, the combination 
of GAS antigens includes one or more variants of the M surface protein. 

The invention also provides a delivery device pre-filled with the immunogenic compositions of the 
25 invention. 

The invention also provides a method for raising an immune response in a mammal comprising the 
step of administering an effective amount of a composition of the invention. The immune response is 
preferably protective and preferably involves antibodies and/or cell-mediated immunity. The method may 
raise a booster response. 

30 The mammal is preferably a human. Where the vaccine is for prophylactic use, the human is 

preferably a child (e.g. a toddler or infant) or a teenager; where the vaccine is for therapeutic use, the human 
is preferably a teenager or an adult. A vaccine intended for children may also be administered to adults e.g. 
to assess safety, dosage, immunogenicity, etc. 

These uses and methods are preferably for the prevention and/or treatment of a disease caused by 

35 Streptococcus pyogenes (e.g. pharyngitis (such as streptococcal sore throat), scarlet fever, impetigo, 

erysipelas, cellulitis, septicemia, toxic shock syndrome, necrotizing fasciitis (flesh eating disease) and 
sequelae (such as rheumatic fever and acute glomerulonephritis)). The compositions may also be effective 
against other streptococcal bacteria. 
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One way of checking efficacy of therapeutic treatment involves monitoring GAS infection after 

administration of the composition of the invention. One way of checking efficacy of prophylactic treatment 

involves monitoring immune responses against the GAS antigens in the compositions of the invention after 

administration of the composition. 

5 Compositions of the invention will generally be administered directly to a patient. Direct delivery 

may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously, 

intramuscularly, or to the interstitial space of a tissue), or by rectal, oral (e.g. tablet, spray), vaginal, topical, 

transdermal (e.g. see W099/27961) or transcutaneous (e.g. see WO02/074244 and WO02/064162), 

intranasal (e.g. see WO03/028760), ocular, aural, pulmonary or other mucosal administration. 

10 The invention may be used to elicit systemic and/or mucosal immunity. 

Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple doses may be 
used in a primary immunisation schedule and/or in a booster immunisation schedule. In a multiple dose 
schedule the various doses may be given by the same or different routes e.g. a parenteral prime and mucosal 
boost, a mucosal prime and parenteral boost, etc. 

15 The compositions of the invention may be prepared in various forms. For example, the compositions 

may be prepared as injectables, either as liquid solutions or suspensions. Solid forms suitable for solution in, 
or suspension in, liquid vehicles prior to injection can also be prepared (e.g. a lyophilised composition). The 
composition may be prepared for topical administration e.g. as an ointment, cream or powder. The 
composition may be prepared for oral administration e.g. as a tablet or capsule, as a spray, or as a syrup 

20 (optionally flavoured). The composition may be prepared for pulmonary administration e.g. as an inhaler, 
using a fine powder or a spray. The composition may be prepared as a suppository or pessary. The 
composition may be prepared for nasal, aural or ocular administration e.g. as drops. The composition may be 
in kit form, designed such that a combined composition is reconstituted just prior to administration to a 
patient. Such kits may comprise one or more antigens in liquid form and one or more lyophilised antigens. 

25 Immunogenic compositions used as vaccines comprise an immunologically effective amount of antigen(s), 
as well as any other components, as needed. By 'immunologically effective amount', it is meant that the 
administration of that amount to an individual, either in a single dose or as part of a series, is effective for 
treatment or prevention. This amount varies depending upon the health and physical condition of the 
individual to be treated, age, the taxonomic group of individual to be treated (e.g. non-human primate, 

30 primate, etc.), the capacity of the individual's immune system to synthesise antibodies, the degree of 

protection desired, the formulation of the vaccine, the treating doctor's assessment of the medical situation, 
and other relevant factors. It is expected that the amount will fall in a relatively broad range that can be 
determined through routine trials. 
Further components of the composition 

35 The composition of the invention will typically, in addition to the components mentioned above, 

comprise one or more 'pharmaceutically acceptable carriers', which include any carrier that does not itself 
induce the production of antibodies harmful to the individual receiving the composition. Suitable carriers are 
typically large, slowly metabolised macromolecules such as proteins, polysaccharides, polylactic acids, 

-37- 



WO 2005/032582 PCT/US2004/024868 
polyglycolic acids, polymeric amino acids, amino acid copolymers, and lipid aggregates (such as oil droplets 

or liposomes). Such carriers are well known to those of ordinary skill in the art. The vaccines may also 

contain diluents, such as water, saline, glycerol, etc. Additionally, auxiliary substances, such as wetting or 

emulsifying agents, pH buffering substances, and the like, may be present. A thorough discussion of 

5 pharmaceutical^ acceptable excipients is available in Gennaro (2000) Remington: Tlie Science and Practice 

of Pharmacy. 20th ed., ISBN: 0683306472. 

Vaccines of the invention may be administered in conjunction with other immunoregulatory agents. 
In particular, compositions will usually include an adjuvant. 

Preferred further adjuvants include, but are not limited to, one or more of the following set forth 

10 below: 

A. Mineral Containing Compositions 

Mineral containing compositions suitable for use as adjuvants in the invention include mineral salts, 
such as aluminium salts and calcium salts. The invention includes mineral salts such as hydroxides {e.g. 
oxyhydroxides), phosphates {e.g. hydroxyphoshpates, orthophosphates), sulphates, etc. {e.g. see chapters 8 
15 & 9 of Vaccine design: the subunit and adjuvant approach (1995) Powell & Newman. ISBN 0-306-44 867-X}), 
or mixtures of different mineral compounds, with the compounds taking any suitable form (e.g. gel, 
crystalline, amorphous, etc.), and with adsorption being preferred. The mineral containing compositions 
may also be formulated as a particle of metal salt. See WO00/23105. 

B. Oil-Emulsions 

20 Oil-emulsion compositions suitable for use as adjuvants in the invention include squalene- water 

emulsions, such as MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into submicron 
particles using a microfluidizer). See WO90/14837. See also, Podda, "The adjuvanted influenza vaccines 
with novel adjuvants: experience with the MF59-adjuvanted vaccine", Vaccine (2001) 19: 2673-2680; Frey 
et al., "Comparison of the safety, tolerability, and immunogenicity of a MF59-adjuvanted influenza vaccine 

25 and a non-adjuvanted influenza vaccine in non-elderly adults", Vaccine (2003) 21:4234-4237. MF59 is used 
as the adjuvant in the FLUAD™ influenza virus trivalent subunit vaccine. 

Particularly preferred adjuvants for use in the compositions are submicron oil-in-water emulsions. 
Preferred submicron oil-in-water emulsions for use herein are squalene/water emulsions optionally 
containing varying amounts of MTP-PE, such as a submicron oil-in-water emulsion containing 4-5% w/v 

30 squalene, 0.25-1.0% w/v Tween 80 ™ (polyoxyelthylenesorbitan monooleate), and/or 0.25-1.0% Span 85™ 
(sorbitan trioleate), and, optionally, N-acetylmuramyl-L-alanyl-D-isogluatminyl-L-alanine-2-(r-2'- 
dipalmitoyl-5«-glycero-3-huydroxyphosphophoryloxy)-ethylamine (MTP-PE), for example, the submicron 
oil-in-water emulsion known as "MF59" (International Publication No. WO90/14837; US Patent Nos. 
6,299,884 and 6,451,325, incorporated herein by reference in their entireties; and Ott et al., "MF59 — Design 

35 and Evaluation of a Safe and Potent Adjuvant for Human Vaccines" in Vaccine Design: The Subunit and 
Adjuvant Approach (Powell, M.F. and Newman, MJ. eds.) Plenum Press, New York, 1995, pp. 277-296). 
MF59 contains 4-5% w/v Squalene (e.g. 4.3%), 0.25-0.5% w/v Tween 80™, and 0.5% w/v Span 85™ and 
optionally contains various amounts of MTP-PE, formulated into submicron particles using a microfluidizer 
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such as Model 1 10Y microfluidizer (Microfluidics, Newton, MA). For example, MTP-PE may be present in 

an amount of about 0-500 |wg/dose, more preferably 0-250 |Lig/dose and most preferably, 0-100 jxg/dose. As 
used herein, the term "MF59-0" refers to the above submicron oil-in-water emulsion lacking MTP-PE, while 
the term MF59-MTP denotes a formulation that contains MTP-PE. For instance, "MF59^100 M contains 100 
5 |ng MTP-PE per dose, and so on. MF69, another submicron oil-in-water emulsion for use herein, contains 
4.3% w/v squalene, 0.25% w/v Tween 80™, and 0.75% w/v Span 85™ and optionally MTP-PE. Yet another 
submicron oil-in-water emulsion is MF75, also known as SAF, containing 10% squalene, 0.4% Tween 80™, 
5% pluronic -blocked polymer L121, and thr-MDP, also microfluidized into a submicron emulsion. MF75- 
MTP denotes an MF75 formulation that includes MTP, such as from 100-400 jAg MTP-PE per dose. 
10 Submicron oil-in-water emulsions, methods of making the same and immunostimulating agents, such as 
muramyl peptides, for use in the compositions, are described in detail in International Publication No. 
WO90/14837 and US Patent Nos. 6,299,884 and 6,45 1,325, incorporated herein by reference in their 
entireties. 

Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IF A) may also be used as 
15 adjuvants in the invention. 

C. Saponin Formulations 

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a heterologous 

group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, stems, roots and 

even flowers of a wide range of plant species. Saponin from the bark of the Quillaia saponaria Molina tree 
20 have been widely studied as adjuvants. Saponin can also be commercially obtained from Smilax ornata 

(sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria officianalis (soap root). Saponin adjuvant 

formulations include purified formulations, such as QS21, as well as lipid formulations, such as ISCOMs. 

Saponin compositions have been purified using High Performance Thin Layer Chromatography (HP-LC) 

and Reversed Phase High Performance Liquid Chromatography (RP-HPLC). Specific purified fractions 
25 using these techniques have been identified, including QS7, QS17, QS18, QS21, QH-A, QH-B and QH-C. 

Preferably, the saponin is QS21. A method of production of QS21 is disclosed in U.S. Patent No. 5,057,540. 

Saponin formulations may also comprise a sterol, such as cholesterol (see WO 96/33739). 

Combinations of saponins and cholesterols can be used to form unique particles called 

Immunostimulating Complexs (ISCOMs). ISCOMs typically also include a phospholipid such as 
30 phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in ISCOMs. 

Preferably, the ISCOM includes one or more of Quil A, QHA and QHC. ISCOMs are further described in 

EP 0 109 942, WO 96/1 1711 and WO 96/33739. Optionally, the ISCOMS may be devoid of additional 

detergent. See WO00/07621. 

A review of the development of saponin based adjuvants can be found at Barr, et al., Advanced 
35 Drug Delivery Reviews (1998) 32:247 - 271. See also Sjolander, et al., Advanced Drug Delivery Reviews 

(1998) 32:321-338. 

C. Virosomes and Virus Like Particles (VLPs) 
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Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention. These 

structures generally contain one or more proteins from a virus optionally combined or formulated with a 

phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain any of the 

native viral genome. The viral proteins may be recombinantly produced or isolated from whole viruses. 

5 These viral proteins suitable for use in virosomes or VLPs include proteins derived from influenza virus 

(such as HA or NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis E virus, measles virus, 

Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, Norwalk virus, human Papilloma virus, 

HIV, RNA-phages, QB-phage (such as coat proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as 

retrotransposon Ty protein pi). VLPs are discussed further in WO 03/024480, WO 03/024481, and Niikura 

10 et al., Virology (2002) 293:273 - 280, Lenz et al., Journal of Immunology (2001) 5246 - 5355; Pinto, et aL, 

Journal of Infectious Diseases (2003) 188:327 - 338 and Gerber et al., Journal of Virology (2001) 

75(10):4752 - 4760. Virosomes are discussed further in, for example, Gluck et al., Vaccine (2002) 20:B10 

-B16. 

D. Bacterial or Microbial Derivatives 
15 Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as: 

(1) Non-toxic derivatives of enterobacterial lipopoly saccharide (LPS) 

Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL (3dMPL). 
3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains. A preferred 
"small particle" form of 3 De-O-acylated monophosphoryl lipid A is disclosed in EP 0 689 454. Such 
20 "small particles" of 3dMPL are small enough to be sterile filtered through a 0.22 micron membrane (see EP 
0 689 454). Other non-toxic LPS derivatives include monophosphoryl lipid A mimics, such as aminoalkyl 
glucosaminide phosphate derivatives e.g. RC-529. See Johnson et al. (1999) Bioorg Med Chem Lett 9:2273- 
2278. 

(2) Lipid A Derivatives 

25 Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. OM-174 

is described for example in Meraldi et al., Vaccine (2003) 21:2485 - 2491 and Pajak, et al., Vaccine (2003) 
21:836-842. 

(3) Immuno stimulatory oligonucleotides 

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include 
30 nucleotide sequences containing a CpG motif (a sequence containing an unmethylated cytosine followed by 
guanosine and linked by a phosphate bond). Bacterial double stranded RNA or oligonucleotides containing 
palindromic or poly(dG) sequences have also been shown to be immunostimulatory. 

The CpG's can include nucleotide modifications/analogs such as phosphorothioate modifications 
and can be double-stranded or single-stranded. Optionally, the guanosine may be replaced with an analog 
35 such as 2'-deoxy-7-deazaguanosine. See Kandimalla, et al., Nucleic Acids Research (2003) 31(9): 2393 - 

2400; WO 02/26757 and WO 99/62923 for examples of possible analogue substitutions. The adjuvant effect 
of CpG oligonucleotides is further discussed in Krieg, Nature Medicine (2003) 9(7): 831 - 835; McCluskie, 
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et al., FEMS Immunology and Medical Microbiology (2002) 32:179 - 185; WO 98/40100, U.S. Patent No. 

6,207,646, U.S. Patent No. 6,239,116, and U.S. Patent No. 6,429,199. 

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT. See 

Kandimalla, et al., Biochemical Society Transactions (2003) 31 (part 3): 654 - 658. The CpG sequence may 

5 be specific for inducing a Thl immune response, such as a CpG-A ODN, or it may be more specific for 

inducing a B cell response, such a CpG-B ODN. CpG- A and CpG-B ODNs are discussed in Blackwell, et 

al., J. Immunol. (2003) 170(8):4061 - 4068; Krieg, TRENDS in Immunology (2002) 23(2): 64 - 65 and WO 

01/95935. Preferably, the CpG is a CpG-A ODN. 

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor 

10 recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3' ends to form 
"immunomers". See, for example, Kandimalla, et al., BBRC (2003) 306 :948 - 953; Kandimalla, et al., 
Biochemical Society Transactions (2003) 31(part 3):664 - 658; Bhagat et al., BBRC (2003) 300:853 - 861 
and WO 03/035836. 

(4) ADP-ribosylating toxins and detoxified derivatives thereof, 

15 Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the 

invention. Preferably, the protein is derived from E. coli (i.e., E. coli heat labile enterotoxin "LT), cholera 
("CT"), or pertussis ("PT")- The use of detoxified ADP-ribosylating toxins as mucosal adjuvants is 
described in WO 95/17211 and as parenteral adjuvants in WO 98/42375. Preferably, the adjuvant is a 
detoxified LT mutant such as LT-K63. 

20 E. Human Immunomodulators 

Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such as 
interleukins (e.g. IL-1, IL-2, IL-4, EL-5, IL-6, IL-7, EL- 12, etc.), interferons (e.g. interferon-y), macrophage 
colony stimulating factor, and tumor necrosis factor. 
F. Bioadhesives and Mucoadhesives 

25 Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable 

bioadhesives include esterified hyaluronic acid microspheres (Singh et al. (2001) J. Cont. Rele. 70:267-276) 
or mucoadhesives such as cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl 
pyrollidone, polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be 
used as adjuvants in the invention. E.g., WO99/27960. 

30 G. Microp articles 

Microparticles may also be used as adjuvants in the invention. Microparticles (le. a particle of 
-lOOnm to -150 jam in diameter, more preferably ~200nm to ~30jjm in diameter, and most preferably 
~500nm to ~10pm in diameter) formed from materials that are biodegradable and non-toxic (e.g. a poly(a- 
hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a polycaprolactone, etc.), with 

35 poly(lactide-co-glycolide) are preferred, optionally treated to have a negatively-charged surface (e.g. with 
SDS) or a positively-charged surface (e.g. with a cationic detergent, such as CTAB). 
H. Liposomes 
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Examples of liposome formulations suitable for use as adjuvants are described in U.S. Patent No. 

6,090,406, U.S. Patent No. 5,916,588, and EP 0 626 169. 

I. Polvoxvethvlene ether and Polvoxvethvlene Ester Formulations 

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene 
5 esters. W099/52549. Such formulations further include polyoxyethylene sorbitan ester surfactants in 

combination with an octoxynol (WOO 1/2 1207) as well as polyoxyethylene alkyl ethers or ester surfactants in 
combination with at least one additional non-ionic surfactant such as an octoxynol (WOO 1/21 152). 

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl 
ether (laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4- 
10 lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether. 
J. Polvphosphazene (PCPP) 

PCPP formulations are described, for example, in Andrianov et al., "Preparation of hydrogel 
microspheres by coacervation of aqueous polyphophazene solutions", Biomaterials (1998) 19(1 - 3): 109 - 
115 and Payne et al., "Protein Release from Polyphosphazene Matrices", Adv. Drug. Delivery Review 
15 (1998) 31(3): 185- 196. 

K. Muramvl peptides 

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl- 
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (nor-MDP), 
and N-acetylmuramyl-L-alanyl-D-isoglutaminy l-L-alanine-2-( 1 '-2'~dipalmitoy l-src-glycero~3- 
20 hydroxyphosphoryloxy)-ethylamine MTP-PE). 
L. Imidazoquinolone Compounds . 

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include 
Imiquamod and its homologues, described further in Stanley, "Imiquimod and the imidazoquinolones: 
mechanism of action and therapeutic potential" Clin Exp Dermatol (2002) 27(7): 571 — 577 and Jones, 
25 "Resiquimod 3M", Curr Opin Investig Drugs (2003) 4(2):214 - 218. 

The invention may also comprise combinations of aspects of one or more of the adjuvants identified 
above. For example, the following adjuvant compositions may be used in the invention: 

(1) a saponin and an oil-in-water emulsion (W099/1 1241); 

(2) a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) (see WO 94/00153); 
30 (3) a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) + a cholesterol; 

(4) a saponin (e.g. QS21) + 3dMPL + 1L-12 (optionally + a sterol) (W098/57659); 

(5) combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (European 
patent applications 0835318, 0735898 and 0761231); 

(6) SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer L121, and thr- 
35 MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger particle size 

emulsion. 
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(7) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2% Tween 

80, and one or more bacterial cell wall components from the group consisting of monophosphory lipid A 
(MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); and 

(8) one or more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS (such 
5 as 3dPML). 

(9) one or more mineral salts (such as an aluminum salt) + an immunostimulatory 
oligonucleotide (such as a nucleotide sequence including a CpG motif). 

Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant bacterial 
toxins are preferred mucosal adjuvants. 
10 The composition may include an antibiotic. 

Further antigens 

The compositions of the invention may further comprise one or more additional non-GAS antigens, 
including additional bacterial, viral or parasitic antigens. 

In one embodiment, the GAS antigen combinations of the invention are combined with one or more 

15 additional, non-GAS antigens suitable for use in a paediatric vaccine. For example, the GAS antigen 

combinations may be combined with one or more antigens derived from a bacteria or virus selected from the 
group consisting of N. meningitidis (including serogroup A, B, C, W135 and/or Y), Streptococcus 
pneumoniae, Bordetella pertussis, Moraxella catarrhalis, Tetanus, Diphtheria, Respiratory Syncytial virus 
('RSV'X polio, measles, mumps, rubella, and rotavirus. 

20 In another embodiment, the GAS antigen combinations of the invention are combined with one or 

more additional, non-GAS antigens suitable for use in a vaccine designed to protect elderly or 
immunocomprised individuals. For example, the GAS antigen combinations may be combined with an 
antigen derived from the group consisting of Enter ococcus faecalis, Staphylococcus aureus, Staphylococcus 
epidermis, Pseudomonas aeruginosa, Legionella pneumophila, Listeria monocytogenes, influenza, and 

25 Parainfluenza virus ( TIV 9 ). 

Where a saccharide or carbohydrate antigen is used, it is preferably conjugated to a carrier protein in 
order to enhance immunogenicity {e.g. Ramsay et al (2001) Lancet 357(9251): 195-196; Lindberg (1999) 
Vaccine 17 Suppl 2:S28-36; Buttery & Moxon (2000) J R Coll Physicians Lond 34:163-168; Ahmad & 
Chapnick (1999) Infect Dis Clin North Am 13:113-133, vii.Goldblatt (1998) J. Med. Microbiol. 47:563-567; 

30 European patent 0 477 508; US Patent No. 5,306,492; W098/42721; Conjugate Vaccines (eds. Cruse et al.) 
ISBN 3805549326, particularly vol. 10:48-114; Hermanson (1996) Bioconjugate Techniques ISBN: 
0123423368 or 012342335X}. Preferred carrier proteins are bacterial toxins or toxoids, such as diphtheria or 
tetanus toxoids. The CRM197 diphtheria toxoid is particularly preferred {Research Disclosure, 453077 (Jan 
2002)}. Other carrier polypeptides include the N. meningitidis outer membrane protein { EP-A-037250 1 } , 

35 synthetic peptides { EP-A-0378881 and EP-A-0427347}, heat shock proteins { WG93/17712 and 
WO94/03208}, pertussis proteins {W098/58668 and EP-A-0471177}, protein D from H.influenzae 
{WOOO/56360}, cytokines {WO91/01146}, lymphokines, hormones, growth factors, toxin A or B from 
C.difficile {WO00/61761}, iron-uptake proteins { WO01/72337}, etc. Where a mixture comprises capsular 
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saccharides from both serogroups A and C, it may be preferred that the ratio (w/w) of MenA 

saccharide:MenC saccharide is greater than 1 (e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher). Different saccharides 

can be conjugated to the same or different type of carrier protein. Any suitable conjugation reaction can be 

used, with any suitable linker where necessary. 

5 Toxic protein antigens may be detoxified where necessary e.g. detoxification of pertussis toxin by 

chemical and/or genetic means. 

Where a diphtheria antigen is included in the composition it is preferred also to include tetanus 
antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to include 
diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is preferred also to 
10 include diphtheria and tetanus antigens. 

Antigens in the composition will typically be present at a concentration of at least ljag/ml each. In 
general, the concentration of any given antigen will be sufficient to elicit an immune response against that 
antigen. 

As an alternative to using protein antigens in the composition of the invention, nucleic acid 
15 encoding the antigen may be used {e.g. Robinson & Torres (1997) Seminars in Immunology 9:271-283; 
Donnelly et al (1997) Annu Rev Immunol 15:617-648; Scott-Taylor & Dalgleish (2000) Expert Opin 
Investig Drugs 9:471-480; Apostolopoulos & Plebanski (2000) Curr Opin Mol Ther 2:441-447; Dan (1999) 
Curr Opin Mol Ther 1:1 16-120Dubensky et al. (2000) Mol Med 6:723-732; Robinson & Pertmer (2000) Adv 
Virus Res 55:l-74Donnelly et al (2000) Am J Respir Crit Care Med 162(4 Pt 2):S190-193Davis (1999) Mt. 
20 Sinai J. Med. 66:84-90}. Protein components of the compositions of the invention may thus be replaced by 
nucleic acid (preferably DNA e.g. in the form of a plasmid) that encodes the protein. 
Definitions 

The term "comprising" means "including" as well as "consisting" e.g. a composition "comprising" 
X may consist exclusively of X or may include something additional e.g. X + Y. 

25 The term "about" in relation to a numerical value x means, for example, x±lQ%. 

References to a percentage sequence identity between two amino acid sequences means that, when 
aligned, that percentage of amino acids are the same in comparing the two sequences. This alignment and 
the percent homology or sequence identity can be determined using software programs known in the art, for 
example those described in section 7.7.18 of Current Protocols in Molecular Biology (F.M. Ausubel et al., 

30 eds., 1987) Supplement 30. A preferred alignment is determined by the Smith-Waterman homology search 
algorithm using an affine gap search with a gap open penalty of 12 and a gap extension penalty of 2, 
BLOSUM matrix of 62. The Smith-Waterman homology search algorithm is disclosed in Smith & 
Waterman (1981) Adv. Appl. Math. 2: 482-489. Similar sequence identity methods can be used to determine 
sequence homology between two polynucleotide sequences. 

35 The following example demonstrates one way of preparing recombinant GAS antigens of the 

invention and testing their efficacy in a murine model. 

EXAMPLE 1: Preparation of recombinant GAS antigens of the invention and Demonstration of Efficacy in 
Murine Model. 
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Recombinant GAS proteins corresponding to two or more of the GAS antigens of the first 
antigen group are expressed as follows. 
1. Cloning of GAS antigens for expression in E. coli 

The selected GAS antigens were cloned in such a way to obtain two different kinds of 
5 recombinant proteins: (1) proteins having an hexa-histidine tag at the carboxy-terminus (Gas-His) and 
(2) proteins having the hexa-histidine tag at the carboxy-terminus and GST at the ammo-terminus (Gst- 
Gas-His). Type (1) proteins were obtained by cloning in a pET21b+vector (available from Novagen). 
The type (2) proteins were obtained by cloning in a pGEX-NNH vector. This cloning strategy allowed 
for the GAS genomic DNA to be used to amplify the selected genes by PCR, to perform a single 
10 restriction enzyme digestion of the PCR products and to clone then simultaneously into both vectors. 

(a) Construction ofpGEX-NNH expression vectors 

Two couples of complementary oligodeoxyribonucleotides are synthesised using the DNA 
synthesiser ABI394 (Perkin Elmer) and reagents from Cruachem (Glasgow, Scotland). Equimolar amounts 
of the oligo pairs (50 ng each oligo) are annealed in T4 DNA ligase buffer (New England Biolabs) for 10 
1 5 min in a final volume of 50 \\i and then left to cool slowly at room temperature. With the described 
procedure the following DNA linkers are obtained: 
gexNN linker 

Ndel Nhel Xmal EcoRI Ncol Sail Xhol Sad 

GATCCCATATGGCTAGCCCGGGGAATTCGTCCATGGAGTGAGTCGACTGACTCGAGTGATCGAGCTC 
20 GGTATAC C GATC GGGC C CCTTAAGC AGGTAC C TC ACTC AGCTGAC TGAGCTC ACTAGC TC GAG 



NotI 

CTGAGCGGCCGCATGAA 
GACTCGCCGGCGTACTTTCGA 

25 

gexNNH linker 

Hindlll NotI Xhol Hexa-Histidine 
TCGAC AAGCTTGC GGC C GC AC TC GAGCATC ACC ATCACCATCACTGAT 

GTTC GAAC GC C GGC GTGAGC AC GTAG AGGT AGTGGT AGTGAC TATC GA 

30 

The plasmid pGEX-KG [K. L. Guan and J. E. Dixon, Anal Biochem. 192, 262 (1991)] is digested 
with BamHI and Hindlll and 100 ng is ligated overnight at 16 °C to the linker gexNN with a molar ratio of 
3:1 linker/plasmid using 200 units of T4 DNA ligase (New england Biolabs). After transformation of the 
ligation product in E. coli DH5, a clone containing the pGEX-NN plasmid, having the correct linker, is 

35 selected by means of restriction enzyme analysis and DNA sequencing. 

The new plasmid pGEX-NN is digested with Sail and Hindlll and ligated to the linker gexNNH. After 
transformation of the ligation product in E. coli DH5, a clone containing the pGEX-NNH plasmid, having 
the correct linker, is selected by means of restriction enzyme analysis and DNA sequencing, 
(b) Chromosomal DNA preparation 

40 GAS SF370 strain is grown in THY medium until OD 6 oo is 0.6-0.8. Bacteria are then centrifuged, 

suspended in TES buffer with lyzozyme (lOmg/ml) and mutanolysine (lOU/pil) and incubated 1 hr at 37° C. 
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Following treatment of the bacterial suspension with RNAase, Proteinase K and 10% Sarcosyl/EDTA, 

protein extraction with saturated phenol and phenol/chloroform is carried out. The resulting supernatant is 

precipitated with Sodium Acetate/Ethanol and the extracted DNA is pelletted by centrifugation, suspended 

in Tris buffer and kept at -20° C. 

5 (c) Oligonucleotide design 

Synthetic oligonucleotide primers are designed on the basis of the coding sequence of each GAS 

antigen using the sequence of Streptococcus pyogenes SF370 Ml strain. Any predicted signal peptide is 

omitted, by deducing the 5' end amplification primer sequence immediately downstream from the predicted 

leader sequence. For most GAS antigens, the 5' tail of the primers (see Table 1, below) include only one 

10 restriction enzyme recognition site (Ndel, or Nhel, or Spel depending on the gene's own restriction pattern); 

the 3' primer tails (see Table 1) include a Xhol or a NotI or a Hindlll restriction site. 



5' tails 


3' tails 


Ndel 5' GTGCGTCATATG 3' 


Xhol 5' GCGTCTCGAG 3 ' 


Nhel 5' GTGCGTGCTAGC 3' 


NotI 5' ACTCGCTAGCGGCCGC 3' 


Spel 5' GTGCGT A CT AGT 3' 


HindlH 5' GCGTAAGCTT 3' 



Table 1. Oligonucleotide tails of the primers used to amplify genes encoding selected GAS 
antigens. 

As well as containing the restriction enzyme recognition sequences, the primers include nucleotides 
15 which hybridize to the sequence to be amplified. The number of hybridizing nucleotides depends on the 

melting temperature of the primers which can be determined as described [(Breslauer et al., Proc. Nat. Acad. 
Sci. 83, 3746-50 (1986 )]. The average melting temperature of the selected oligos is 50-55 °C for the 
hybridizing region alone and 65-75 °C for the whole oligos. Oligos can be purchased from MWG-Biotech 
S.p.A. (Firenze, Italy). 
20 (d) PCR amplification 

The standard PCR protocol is as follows: 50 ng genomic DNA are used as template in the presence 
of 0,2 pM each primer, 200 pM each dNTP, 1,5 mM MgCl 2 , lx PCR buffer minus Mg (Gibco-BRL), and 2 
units of Taq DNA polymerase (Platinum Taq, Gibco-BRL) in a final volume of 100 pi. Each sample 
undergoes a double-step amplification: the first 5 cycles are performed using as the hybridizing temperature 
25 of one of the oligos excluding the restriction enzyme tail, followed by 25 cycles performed according to the 
hybridization temperature of the whole length primers. The standard cycles are as follows: 
one cycle: 

denaturation : 94 °C, 2 min, 

30 5 cycles: 

denaturation: 94 °C, 30 seconds, 
hybridization: 51 °C, 50 seconds, 
elongation: 72 °C, 1 min or 2 min and 40 sec, 

35 25 cycles: 

denaturation: 94 °C, 30 seconds, 
hybridization: 70 °C, 50 seconds, 
. elongation: 72 °C, 1 min or 2 min and 40 sec, 
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72 °C, 7 min, 
4°C 

5 The elongation time is 1 min for GAS antigens encoded by ORFs shorter than 2000 bp, and 2 min 

and 40 seconds for ORFs longer than 2000 bp. The amplifications are performed using a Gene Amp PCR 
system 9600 (Perkin Elmer). 

To check the amplification results, 4 pi of each PCR product is loaded onto 1-1.5 agarose gel and 
the size of amplified fragments compared with DNA molecular weight standards (DNA markers III or DC, 
10 Roche). The PCR products are loaded on agarose gel and after electrophoresis the right size bands are 

excised from the gel. The DNA is purified from the agarose using the Gel Extraction Kit (Qiagen) following 
the instruction of the manufacturer. The final elution volume of the DNA is 50 pi TE (10 mM Tris-HCl, 1 
niM EDTA, pH 8). One pi of each purified DNA is loaded onto agarose gel to evaluate the yield. 

(e) Digestion of PCR fragments 

15 One-two pg of purified PCR products are double digested overnight at 37 °C with the appropriate 

restriction enzymes (60 units of each enzyme) using the appropriate restriction buffer in 100 pi final volume. 
The restriction enzymes and the digestion buffers are from New England Biolabs. After purification of the 
digested DNA (PCR purification Kit, Qiagen) and elution with 30 pi TE, 1 pi is subjected to agarose gel 
electrophoresis to evaluate the yield in comparison to titrated molecular weight standards (DNA markers III 

20 or IX, Roche). 

(f) Digestion of the cloning vectors (pET21b+ and pGEX-NNH) 

10 pg of plasmid is double digested with 100 units of each restriction enzyme in 400 pi reaction 
volume in the presence of appropriate buffer by overnight incubation at 37 °C. After electrophoresis on a 1% 
agarose gel, the band corresponding to the digested vector is purified from the gel using the Qiagen Qiaex II 
25 Gel Extraction Kit and the DNA was eluted with 50 pi TE. The DNA concentration is evaluated by 
measuring OD 26 o of the sample. 

(g) Cloning of the PCR products 

Seventy five ng of the appropriately digested and purified vectors and the digested and purified 
fragments corresponding to each selected GAS antigen are ligated in final volumes of 10-20 pi with a molar 

30 ratio of 1:1 fragment/vector, using 400 units T4 DNA ligase (New England Biolabs) in the presence of the 
buffer supplied by the manufacturer. The reactions are incubated overnight at 16 °C. 

Transformation of E coli BL21 (Novagen) and E coli BL21-DE3 (Novagen) electrocompetent cells 
is performed using pGEX-NNH ligations and pET21b+ ligations respectively. The transformation procedure 
is as follows: 1-2 pi the ligation reaction is mixed with 50 pi of ice cold competent cells, then the cells are 

35 poured in a gene pulser 0.1 cm electrode cuvette (Biorad). After pulsing the cells in a MicroPulser 

electroporator (Biorad) following the manufacturer instructions the cells are suspended in 0.95 ml of SOC 
medium and incubated for 45 min at 37 °C under shaking. 100 and 900 pi of cell suspensions are plated on 
separate plates of agar LB 100 pg/ml Ampicillin and the plates are incubated overnight at 37 °C. The 
screening of the transformants is done by PCR: randomly chosen transformants are picked and suspended in 
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30 pi of PCR reaction mix containing the PCR buffer, the 4 dNTPs, 1,5 mM MgCl 2 , Taq polymerase and 

appropriate forward and reverse oligonucleotide primers that are able to hibridize upstream and downstream 

from the poly linker of pET21b+ or pGEX-NNH vectors. After 30 cycles of PCR, 5 \xl of the resulting 

products are run on agarose gel electrophoresis in order to select for positive clones from which the expected 

5 PCR band is obtained. PCR positive clones are chosen on the basis of the correct size of the PCR product, 

as evaluated by comparison with appropriate molecular weight markers (DNA markers HI or IX, Roche). 

2. Protein expression 

PCR positive colonies are inoculated in 3 ml LB 100 jag/ml Ampicillin and grown at 37 °C 
overnight. 70 pi of the overnight culture is inoculated in 2 ml LB/Amp and grown at 37 °C until OD 600 of the 

10 pET clones reached the 0,4-0,8 value or until OD 60 o of the pGEX clones reached the 0,8-1 value. Protein 
expression is then induced by adding 1 mM IPTG (Isopropil P-D thio-galacto-piranoside) to the mini- 
cultures. After 3 hours incubation at 37 °C the final OD 6 oo is checked and the cultures are cooled on ice. 
After centrifugation of 0.5 ml culture, the cell pellet is suspended in 50 pi of protein Loading Sample Buffer 
(60 mM TRIS-HC1 pH 6.8, 5% w/v SDS, 10% v/v glycerin, 0.1% w/v Bromophenol Blue, 100 mM DTT) 

15 and incubated at 100 °C for 5 min. A volume of boiled sample corresponding to 0.1 OD 6 oo culture is 
analysed by SDS-PAGE and Coomassie Blue staining to verify the presence of induced protein band. 

3. Purification of the recombinant proteins 

Single colonies are inoculated in 25 ml LB 100 pg/ml Ampicillin and grown at 37 °C overnight. The 
overnight culture is inoculated in 500 ml LB/Amp and grown under shaking at 25 °C until OD 600 0.4-0.7. 
20 Protein expression is then induced by adding 1 mM IPTG to the cultures. After 3.5 hours incubation at 25 °C 
the final OD 6 oo is checked and the cultures are cooled on ice. After centrifugation at 6000 rpm (JA10 rotor, 
Beckman), the cell pellet is processed for purification or frozen at -20° C. 

(a) Procedure for the purification of soluble His-tagged proteins from E.coli 

(1) Transfer the pellets from -20°C to ice bath and reconstitute with 10 ml 50 mM NaHP0 4 buffer, 
25 300 mM NaCl, pH 8,0, pass in 40-50 ml centrifugation tubes and break the cells as per the following outline. 

(2) Break the pellets in the French Press performing three passages with in-line washing. 

(3) Centrifuge at about 30-40000 x g per 15-20 min. If possible use rotor JA 25.50 (21000 rpm, 15 
min.) or JA-20 (18000 rpm, 15 min.) 

(4) Equilibrate the Poly-Prep columns with 1 ml Fast Flow Chelating Sepharose resin with 50 mM 
30 phosphate buffer, 300 mM NaCl, pH 8,0. 

(5) Store the centrifugation pellet at -20°C, and load the supernatant in the columns. 

(6) Collect the flow through. 

(7) Wash the columns with 10 ml (2 ml + 2 ml + 4 ml) 50 mM phosphate buffer, 300 mM NaCl, pH 

8.0. 

35 (8) Wash again with 10 ml 20 mM imidazole buffer, 50 mM phosphate, 300 mM NaCl, pH 8.0. 

(9) Elute the proteins bound to the columns with 4.5 ml (1.5 ml + 1.5 ml + 1.5 ml) 250 mM 
imidazole buffer, 50 mM phosphate, 300 mM NaCl, pH 8,0 and collect the 3 corresponding fractions of -1.5 
ml each. Add to each tube 15 p\ DTT 200 mM (final concentration 2 mM) 
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(10) Measure the protein concentration of the first two fractions with the Bradford method, collect a 

10 fig aliquot of proteins from each sample and analyse by SDS-PAGE. (N.B.: should the sample be too 
diluted, load 21 /xl + 7 /xl loading buffer). 

(11) Store the collected fractions at +4°C while waiting for the results of the SDS-PAGE analysis. 

(12) For immunisation prepare 4-5 aliquots of 100 (ig each in 0.5 ml in 40% glycerol. The dilution 
buffer is the above elution buffer, plus 2 mM DTT. Store the aliquots at -20°C until immunisation. 

(b) Purification ofHis-tagged proteins from Inclusion bodies 
Purifications are carried out essentially according the following protocol: 

(1) Bacteria are collected from 500 ml cultures by centrifugation. If required store bacterial pellets 
at -20°C. For extraction, resuspend each bacterial pellet in 10 ml 50 mM TRIS-HC1 buffer, pH 8,5 on an ice 
bath. 

(2) Disrupt the resuspended bacteria with a French Press, performing two passages. 

(3) Centrifuge at 35000 x g for 15 min and collect the pellets. Use a Beckman rotor JA 25.50 
(21000 rpm, 15 min.) or JA-20 (18000 rpm, 15 min.). 

(4) Dissolve the centrifugation pellets with 50 mM TRIS-HC1, 1 mM TCEP { Tris(2-carboxyethyl> 
phosphine hydrochloride, Pierce} , 6M guanidium chloride, pH 8.5. Stir for ~ 10 min. with a magnetic bar. 

(5) Centrifuge as described above, and collect the supernatant. 

(6) Prepare an adequate number of Poly-Prep (Bio-Rad) columns containing 1 ml of Fast Flow 
Chelating Sepharose (Pharmacia) saturated with Nichel according to manufacturer recommendations.. Wash 
the columns twice with 5 ml of H 2 0 and equilibrate with 50 mM TRIS-HC1, 1 mM TCEP, 6M guanidinium 
chloride, pH 8.5. 

(7) Load the supernatants from step 5 onto the columns, and wash with 5 ml of 50 mM TRIS-Hcl 
buffer, 1 mM TCEP, 6M urea, pH 8.5 

(8) Wash the columns with 10 ml of 20 mM imidazole, 50 mM TRIS-HC1 , 6M urea, 1 mM TCEP, 
pH 8.5. Collect and set aside the first 5 ml for possible further controls. 

(9) Elute the proteins bound to the columns with 4.5 ml of a buffer containing 250 mM imidazole, 
50 mM TRIS-HC1, 6M urea, 1 mM TCEP, pH 8.5. Add the elution buffer in three 1.5 ml aliquots, and 
collect the corresponding 3 fractions. Add to each fraction 15 /xl DTT (final concentration 2 mM). 

(10) Measure eluted protein concentration with the Bradford method, and analyse aliquots of ca 10 
\ig of protein by SDS-PAGE. 

(11) Store proteins at -20°C in 40% (v/v) glycerol, 50 mM TRIS-HC1, 2M urea, 0.5 M arginine, 2 
mM DTT, 0.3 mM TCEP, 83.3 mM imidazole, pH 8.5. 

(c) Procedure for the purification of GST-fusion proteins from E.coli 

(1) Transfer the bacterial pellets from -20°C to an ice bath and suspend with 7,5 ml PBS, pH 7,4 to 
which a mixture of protease inhibitors (C0MPLETE™ - Boehringer Mannheim, 1 tablet every 25 ml of 
buffer) has been added. 

(2) Transfer to 40-50 ml centrifugation tubes and sonicate according to the following procedure: 

a. Position the probe at about 0,5 cm from the bottom of the tube 

b. Block the tube with the clamp 
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c. Dip the tube in an ice bath 

d. Set the sonicator as follows: Timer — > Hold, Duty Cycle — > 55, Out. Control — > 6. 

e. perform 5 cycles of 10 impulses at a time lapse of 1 minute (i.e. one cycle = 10 impulses 
+ -45" hold; b. 10 impulses + -45" hold; c. 10 impulses + -45" hold; d. 10 impulses + -45" hold; e. 

5 10 impulses + -45" hold). 

(3) Centrifuge at about 30-40000 x g for 15-20 min. E.g.: use rotor Beckman JA 25.50 at 21000 
rpm, for 15 min. 

(4) Store the centrifugation pellets at -20°C, and load the supernatants on the chromatography 
10 columns, as follows 

(5) Equilibrate the Poly-Prep (Bio-Rad) columns with 0,5 ml (=1 ml suspension) of Glutathione- 
Sepharose 4B resin, wash with 2 ml (1 + 1) H 2 0, and then with 10 ml (2 + 4 + 4) PBS, pH 7,4. 

(6) Load the supernatants on the columns and discard the flow through. 

(7) Wash the columns with 10 ml (2 + 4 + 4) PBS, pH 7.4. 

15 (8) Elute the proteins bound to the columns with 4.5 ml of 50 mM TRIS buffer, 10 mM reduced 

glutathione, pH 8.0, adding 1.5 ml + 1.5 ml + 1.5 ml and collecting the respective 3 fractions of -1.5 ml 
each. 

(9) Measure the protein concentration of the first two fractions with the Bradford method, analyse a 
10 jtig aliquot of proteins from each sample by SDS-PAGE. (N.B.: if the sample is too diluted load 21 jttl (+ 

20 7 fil loading buffer). 

(10) Store the collected fractions at +4°C while waiting for the results of the SDS-PAGE analysis. 

(11) For each protein destined to the immunisation prepare 4-5 aliquots of 100 fig each in 0.5 ml of 
40% glycerol. The dilution buffer is 50 mM TRIS.HC1, 2 mM DTT, pH 8.0. Store the aliquots at -20°C 
until immunisation. 

25 4. Murine Model of Protection from GAS Infection 

(a) Immunization protocol 

Groups of 10 CD1 female mice aged between 6 and 7 weeks are immunized with two or more GAS 
antigens of the invention, (20 p,g of each recombinant GAS antigen), suspended in 100 pi of suitable 
solution. Each group receives 3 doses at days 0, 21 and 45. Immunization is performed through intra- 
30 peritoneal injection of the protein with an equal volume of Complete Freund's Adjuvant (CFA) for the first 
dose and Incomplete Freund's Adjuvant (IF A) for the following two doses. In each immunization scheme 
negative and positive control groups are used. 

For the negative control group, mice are immunized with E. coli proteins eluted from the 
purification columns following processing of total bacterial extract from a E. coli strain containing either the 
35 pET21b or the pGEX~NNH vector (thus expressing GST only) without any cloned GAS ORF (groups can be 
indicated as HisStop or GSTStop respectively). 

For the positive control groups, mice are immunized with purified GAS M cloned from either GAS 
SF370 or GAS DSM 2071 strains (groups indicated as 192SF and 192DSM respectively). 

Pooled sera from each group is collected before the first immunization and two weeks after the last 
40 one. Mice are infected with GAS about a week after. 
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Immunized mice are infected using a GAS strain different from that used for the cloning of the 

selected proteins. For example, the GAS strain can be DSM 2071 M23 type, obtainable from the German 

Collection of Microorganisms and Cell Cultures (DSMZ). 

For infection experiments, DSM 2071 is grown at 37° C in THY broth until OD 600 0.4. Bacteria are 

5 pelletted by centrifugation, washed once with PBS, suspended and diluted with PBS to obtain the 

appropriate concentration of bacteria/ml and administered to mice by intraperitoneal injection. Between 50 

and 100 bacteria are given to each mouse, as determined by plating aliquots of the bacterial suspension on 5 

THY plates. Animals are observed daily and checked for survival. 

5. Analysis of Immune Sera 

10 (a) Preparation of GAS total protein extracts 

Total protein extracts are prepared by incubating a bacterial culture grown to OD 6 oo 0.4-0.5 in Tris 
50mM pH 6.8/mutanolysin (20 units/ml) for 2 hr at 37° C, followed by incubation for ten minutes on ice in 
0.24 N NaOH and 0.96% (3-mercaptoethanol. The extracted proteins are precipitated by addition of 
trichloroaceticacid, washed with ice-cold acetone and suspended in protein loading buffer. 

15 (b) Western blot analysis 

Aliquots of total protein extract mixed with SDS loading buffer (lx: 60 mM TRIS-HC1 pH 6.8, 5% 
w/v SDS, 10% v/v glycerin, 0.1% Bromophenol Blue, 100 mM DTT) and boiled 5 minutes at 95° C, were 
loaded on a 12.5% SDS-PAGE precast gel (Biorad). The gel is run using a SDS-PAGE running buffer 
containing 250 mM TRIS, 2.5 mM Glycine and 0.1 %SDS. The gel is electroblotted onto nitrocellulose 

20 membrane at 200 mA for 60 minutes. The membrane is blocked for 60 minutes with PBS/0.05 % Tween-20 
(Sigma), 10% skimmed milk powder and incubated O/N at 4° C with PBS/0.05 % Tween 20, 1% skimmed 
milk powder, with the appropriate dilution of the sera. After washing twice with PBS/0.05 % Tween, the 
membrane is incubated for 2 hours with peroxidase-conjugated secondary anti-mouse antibody (Amersham) 
diluted 1:4000. The nitrocellulose is washed three times for 10 minutes with PBS/0.05 % Tween and once 

25 with PBS and thereafter developed by Opti-4CN Substrate Kit (Biorad). 

(c) Preparation of Paraformaldehyde treated GAS cultures 

A bacterial culture grown to OD 6 oo 0.4-0.5 is washed once with PBS and concentrated four times in 
PBS/0.05 % Paraformaldehyde. Following 1 hr incubation at 37° C with shacking, the treated culture is kept 
overnight at 4° C and complete inactivation of bacteria is then controlled by plating aliquots on THY blood 
30 agar plates. 

(d) FACS analysis of Paraformaldehyde treated GAS coltures with mouse immune sera 
About 10 5 Paraformaldehyde inactivated bacteria are washed with 200 \xl of PBS in a 96 wells U 

bottom plate and centrifuged for 10 min. at 3000g, at 4°C. The supernatant is discarded and the bacteria are 
suspended in 20 \A of PBS-0.1%BSA. Eighty jLtl of either pre-immune or immune mouse sera diluted in 
35 PBS-0. 1%BSA are added to the bacterial suspension to a final dilution of either 1: 100, 1:250 or 1:500, and 
incubated on ice for 30 min. Bacteria are washed once by adding 100 pi of PBS-0. 1%BSA, centrifuged for 
10 min. at 3000g, 4°C, suspended in 200 jlxI of PBS-0.1%BSA, centrifuged again and suspended in 10 |Ltl of 
Goat Anti-Mouse IgG, F(ab')2 fragment specific-R-Phycoerythrin-conjugated (Jackson Immunoresearch 
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Laboratories Inc., cat.N°l 15-1 16-072) in PBS-0.1%BSA to a final dilution of 1:100, and incubated on ice 

for 30 min. in the dark. Bacteria are washed once by adding 180 \il of PBS-0.1%BSA and centrifuged for 10 

min. at 3000g, 4°C. The supernatant is discarded and the bacteria were suspended in 200 jal of PBS. 

Bacterial suspension is passed through a cytometric chamber of a FACS Calibur (Becton Dikinson, 

5 Mountain View, CA USA) and 10.000 events are acquired. Data are analysed using Cell Quest Software 

(Becton Dikinson, Mountain View, CA USA) by drawing a morphological dot plot (using forward and side 

scatter parameters) on bacterial signals. An histogram plot is then created on FL2 intensity of fluorescence 

log scale recalling the morphological region of bacteria. 

EXAMPLE 2: Comparison of virulence of wild type GAS strain (including GAS 40) and GAS 40 
10 deletion mutant. 

The following example provides a comparison between the virulence of a wild type GAS strain and 
a GAS 40 deletion mutant. Mutant GAS strains where a majority of the GAS 40 sequence is removed were 
prepared by standard methods. Immunization groups of ten mice per group were injected with either the 
wild type or mutant GAS strains. As shown below, injection of a range of concentrations of the wild type 
15 isolate resulted in mouse fatalities, while injection with the GAS A40 mutant did not. 



GAS strain 


concentration 


number of fatalities 


wild type 


2x 10 5 


10 


wild type 


2x 10 6 


9 


wild type 


2x 10 7 


5 


GAS A40 


2 x 10 z 


0 


GAS A40 


2x 10 3 


0 


GAS A40 


2x 10 4 


0 


GAS A40 


2x 10 s 


0 


GAS A40 


2x 10 6 


0 


GAS A40 


2 x 10 7 


0 



EXAMPLE 3: Bacterial Opsonophagocytosis assay of GAS 40 constructs 

The following example demonstrates the surface exposure of GAS 40 by use in a bacterial 
opsonophagocytosis assay. The following GAS constructs, each of which is described in detail above, were 
20 used in the assay: 40a-CH, 40a-RR-NH, 40a-RR, GST-40, 40a, 40a and 40a-NH. (The two references to 
"40a" in Figure 7 refer to sera prepared on different days. 

The assay was performed as follows. 

1 . Preparation of bacterial inoculum . GAS bactera are grown in THY medium until they reach the 
middle exponential phase (OD 600 0.4) at 37 °C. Bacteria are washed twice in chilled saline solution and are 

25 suspended in HBSS medium with the volume being adjusted for each strain depending on the amount of 
bacteria which will be used. Bacterial cells are kept in ice until use. 

2. Preparation of PMN . PMN are prepared from buffy coats of heparinized blood from healty 
volunteers. The buffy coat is incubated for 30 minutes in a solution containing dextran, NaCl and 
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Heparin (rate 1:1). After incubation the supernatant, rich of leukocytes, is removed, transferred in a clean 

tube and centrifuged at 700xg for 20 minutes. A short wash in water is performed to break red blood cells 
and then a solution of NaCl is added to restore the appropriate salt concentration. After this step cells are 
centrifuged, washed and suspended in MEM at a suitable concentration. 

3. Opsonophagocvtosis assay. GAS strains (prepared as described) are incubated with heat 
inactivated immune mice serum derived from immunization with the indicated GAS antigen (or 
preimmune for the control), human PMN and baby rabbit complement. 1 hour of incubation at 37°C. 
Samples taken immediately before and after the incubation are plated on THY blood agar plates. 
Phagocytosis is evaluated comparing the difference in the number of colonies at the two times for the 
preimmune and the immune serum. Data are reported as logarithm number of grown colonies at t=0 - 
logarithm number of grown colonies at t=60 

The results of the assay are shown in Figure 7. The Y axis reports the difference between the 
logarithm of colony counts at time 0 and the logarithm of the colony counts after 60 seconds: log(CFU @ 
T0)-log(CFU @ T60'). If there has been growth (i.e., the bacteria are not activelly killed), negative numbers 
(negative bars) result. If bacteria are killed, positive numbers (positive histogram bars) result. As shown in 
Figure 7, positive histogram bars are reported for each of the GAS constructs. The last four yellow bars in 
Figure 7 represent controls: B= bacteria alone, B PMN= bacteria + polymorphonucleates, B C= Bacteria + 
complement, P PMN C= bacteria + polymorphonucleates + complement (no serum). 

EXAMPLE 4: GAS 40 immunization challenge experiments in murine mouse model of protection 

A sample of the percent survival results from numerous murine mouse model experiments using 
the GAS 40 antigen are listed below. Annotations indicate where construct used to express the 
recombinant GAS 40 antigen was modified to facilitate expression. 



GAS antigen 


% Survival in Mouse Challenge Model 


40a 


55 


40a-RR 


70 


40a-RR-NH 


60 



It will be understood that the invention has been described by way of example only and 
modifications may be made whilst remaining within the scope and spirit of the invention. 
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1. An immunogenic composition comprising a combination of GAS antigens, said combination 
consisting of two to ten GAS antigens, wherein said combination includes GAS 40. 

2. The composition of claim 1, wherein said combination of GAS antigens further includes one or 
5 more GAS antigens selected from the group consisting of GAS 39, GAS 57, GAS 117, GAS 202, GAS 

294, GAS 527, GAS 533, and GAS 511. 

3. The composition of claim 1, wherein said combination of GAS antigens includes GAS 1 17. 

4. The composition of claim 1, wherein said GAS 40 antigen comprises an amino acid sequence 
comprising a first coiled-coil region and a second coiled-coil region. 

10 5. The composition of claim 1, wherein the GAS 40 antigen comprises an amino acid sequence 
comprising a first coiled-coil region. 

6. The composition of claim 5, wherein said first coiled-coil region comprises an amino acid 
sequence comprising SEQ ID NO: 12. 

7. The composition of claim 4, wherein the GAS 40 antigen comprises an amino acid sequence 
15 comprising a second coiled-coil region. 

8. The composition of claim 7, wherein said second coiled-coil region includes a leucine zipper 
region. 

9. The composition of claim 7, wherein the second coiled-coil region comprises an amino acid 
sequence comprising SEQ ID NO: 13. 

20 10. An immunogenic composition comprising a combination of GAS antigens, said combination 
consisting of two to thirty-one GAS antigens of a first antigen group, said first antigen group consisting 
of GAS 117, GAS 130, GAS 277, GAS 236, GAS 40, GAS 389, GAS 504, GAS 509, GAS 366, GAS 
159, GAS 217, GAS 309, GAS 372, GAS 039, GAS 042, GAS 058, GAS 290, GAS 511, GAS 533, 
GAS 527, GAS 294, GAS 253, GAS 529, GAS 045, GAS 095, GAS 193, GAS 137, GAS 084, GAS 

25 384, GAS 202, and GAS 057. 

11. The immunogenic composition of claim 10, wherein said combination of GAS antigens is 
selected from the group consisting of GAS 39, GAS 40, GAS 57, GAS 117, GAS 202, GAS 294, GAS 
527, GAS 533, and GAS 511. 

12. The immunogenic composition of claim 10, wherein said combination of GAS antigens 
30 includes GAS 40 and GAS 1 17. 
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13. The immunogenic composition of claim 10, wherein said combination includes GAS 40. 

14. The immunogenic composition of claim 10, wherein said GAS 40 is selected from the amino 
acid sequence comprising (a) a first coiled-coil region, (b) a second coiled-coil region or (c) a first 
coiled-coil region and a second coiled-coil region. 

5 15. A fusion construct comprising a combination of GAS antigens, said combination consisting of 
two to thirty-one GAS antigens of a first antigen group, said first antigen group consisting of GAS 117, 
GAS 130, GAS 277, GAS 236, GAS 40, GAS 389, GAS 504, GAS 509, GAS 366, GAS 159, GAS 
217, GAS 309, GAS 372, GAS 039, GAS 042, GAS 058, GAS 290, GAS 511, GAS 533, GAS 527, 
GAS 294, GAS 253, GAS 529, GAS 045, GAS 095, GAS 193, GAS 137, GAS 084, GAS 384, GAS 
10 202, and GAS 057. 

16. The fusion construct of claim 15, wherein said combination includes GAS 40. 

17. The fusion construct of claim 15, wherein said combination includes GAS 40 and GAS 117. 

18. A composition comprising a combination of two or more antibodies selected from the group 
consisting of antibodies specific to antibodies comprising an antibody specific to GAS 40, GAS 117, 

15 GAS 130, GAS 277, GAS 236, GAS 40, GAS 389, GAS 504, GAS 509, GAS 366, GAS 159, GAS 217, 
GAS 309, GAS 372, GAS 039, GAS 042, GAS 058, GAS 290, GAS 511, GAS 533, GAS 527, GAS 294, 
GAS 253, GAS 529, GAS 045, GAS 095, GAS 193, GAS 137, GAS 084, GAS 384, GAS 202, and GAS 
057. 

19. The composition of claim 18, wherein said combination includes an antibody specific to GAS 40. 

20 20. The composition of claim 19, wherein said GAS 40 specific antibody is specific to the first or the 
second coiled-coil region of GAS 40. 

21. A method for the therapeutic or prophylactic treatment of Streptococcus pyogenes infection in an 
animal susceptible to streptococcal infection comprising administering to said animal a therapeutic or 
prophylactic amount of any one of the immunogenic compositions of claims 1 to 20. 

25 22. A method of manufacturing any one of the immunogenic compositions of claims 1 to 20. 

23. A kit comprising a first component comprising any one of the immunogenic compositions of claims 
1 to 20. 

24. A composition comprising a GAS 40 antigen, wherein said antigen comprises an amino acid 
sequence comprising a first coiled-coil region or a second coiled-coil region. 

30 25. The composition of claim 24, wherein said GAS 40 antigen comprises a first coiled-coil region 
comprising SEQ ID NO: 12. 



-55- 



WO 2005/032582 PCT/US2004/024868 

26. The composition of claim 24, wherein said GAS 40 antigen comprises a second coiled-coil region 

comprising SEQ ID NO: 13. 

27. An antibody specific to any one of the compositions of claims 24 to 26. 
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FIGURE 1: Annotation of GAS 40 
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FIGURE 3: BLAST results of Coiled-Coil regions of GAS 40 with other 
Streptococcus bacteria 

3(a) BLAST alignment of amino acid sequence of GAS 40 including the first 
coiled-coil region with SpA precursor of Streptococcus gordonii 

>qi 1 25990270 | gb ] AAC44101 .3 | streptococcal surface protein A precursor 
[Streptococcus gordonii] 
Length = 1575 

> refjNP 268623. ll putative surface exclusion protein [Streptococcus pyogenes] 

Length =873 

Score - 63.2 bits (152), Expect = 5e-ll 

Identities = 65/293 (22%), Positives = 124/293 (42%), Gaps = 13/293 

(4%) 

Query : 112 QDQTSDKGTATTAAENAQKQAEIKSDYAKQA EE I KKTTEAYKKE VE AHQAETDKIN 

167 

Q + D++ TAN + K + ++A + ++KT K E+ K 

Sbj Ct : 3 3 QVKADDRASGETKASNTHDDSLPKPETIQEAKATIDAVEKTLSQQKAELTELATALTKTT 

92 

Query : 168 AENKAAEDKYQEDLKAHQAEVEKINTANATAKAEYEAKLAQYQKDLAAVQKANEDSQLDY 

227 

AE +++ + KA + E A+++ A+ A++Q++L A + ++Q D 

Sbjct : 93 AEINHLKEQQDNEQKALTSAQEIYTNTLASSEETLLAQGAEHQRELTATETELHNAQADQ 

152 

Query: 22 8 QNKLSAYQAELARVQKANAEAKEAYE - -KAVKENTAKNAALQAENEAIKQRNETAKANYD 
285 

+K +A + A + A++ E K ++N AK A+ + +AI + +TA N 

Sbjct: 153 HSKETALSEQKASISAETTRAQDLVEQVKTSEQNIAKLNAMISNPDAITKAAQTANDNTK 

212 

Query: 2 86 AAMKQYEADLAAIKKAKEDNDADYQAKLAAYQAELA^ 
345 

A + E A ++ K +LAA +A LA 4- + K++ 4- N 

Sbjct: 213 ALSSELEKAKADLENQKAKVKKQLTEELAAQKAALAEKEAELSRLKSSAPSTQDSIVGNN 

272 

Query: 34 6 TAIQAEN EAIKQRNAA AKATYEAALKQYEADLAAAKKANEDSDADYQ 3 92 

T + E +K+ A+ A+Y K+ + AD AK + 4- YQ 

Sbjct: 273 TMKAPQGYPLEELKKLEASGYIGSASYNNYYKEH-ADQIIAKASPGNQLNQYQ 324 



3/14 



WO 2005/032582 



PCT/US2004/024868 



FIGURE 3: BLAST results of Coiled-Coil regions of GAS 40 with other 
Streptococcus bacteria 

3(b) BLAST alignment of amino acid sequence of GAS 40 including the first 
coiled-coil region with SpB precursor of Streptococcus gordonii 

> gi 1 2 5 0552 26 jgb 1AAC44 102 .3 | streptococcal surface protein B precursor 
[Streptococcus gordonii] 

Length = 14 99 

> ref]NP 268623. lj putative surface exclusion protein [Streptococcus 
pyogenes] 

Length = 87 3 
Score = 54.3 bits (129), Expect = 2e-08 

Identities = 53/226 (23%) , Positives = 98/226 (43%), Gaps = 13/226 

(5%) 

Query : 111 QDQTSDKGTATTAAENAQKQAEIKSDYAKQA EEIKKTTEAYKKEVEAHQAETDKIN 

166 

q + X)++TAN +K+ ++A + ++KT K E+ K 

Sb j Ct : 3 3 QVKADDRASGETKASNTHDDSLPKPETIQEAKATIDAVEKTLSQQKAELTELATALTKTT 

92 

Query : 167 AENKAAEDKYQEDLKAHQAEVEKINTANATAI<AEYEAKLAQYQKDLAAVQKANEDSQLDY 
226 

AE +++ + KA + E A+++ A+ A++Q++L A + ++Q D 

Sb j Ct : 93 AEINHLKEQQDNEQKALTSAQEIYTNTLASSEETLLAQGAEHQRELTATETELHNAQADQ 

152 

Query : 2 2 7 QNKLSAYQAELARV- - QXXXXXXXXXXXXXXXXNTAKNAALQAENE AI KQRNETAKANYD 

284 

+K + A + A + -f N AK A+ + +AI + +TA N 

Sbjct : 153 HSKETALSEQKASISAETTRAQDLVEQVKTSEQNIAKLNAMISNPDAITKAAQTANDNTK 

212 

Query: 2 85 AAMKQYE ADL AAI KKAKEDNDAD YQAKL AAYQAELARVQ 3 23 

A + E ADL A +KK + A +A LA +AEL+R++ 

Sbjct: 213 ALSSELEKAKADLENQKAKVKKQLTEELAAQKAALAEKEAELSRLK 258 
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FIGURE 3: BLAST results of Coiled-Coil regions of GAS 40 with other 
Streptococcus bacteria 



3(c) BLAST alignment of amino acid sequence of GAS 40 including the first 
coiled-coil region with Surface Protein PspA precursor of Streptococcus 
pneumoniae 

I 282335 |pir||A41971 surface protein pspA precursor - Streptococcus 
pneumoniae 

> ref]NP 268623. lj putative surface exclusion protein [Streptococcus 
pyogenes] 

Length. = 873 
Score = 48.1 bits (113), Expect = 6e-07 

Identities = 46/200 (23%) , Positives = 89/200 (44%) , Gaps = 23/200 

(11%) 

Query : 13 9 KTKFNTVRAMWPEPEQLAETK KKSEEAKQKAPELTKKLEEAKAKLEE -AEKK 

190 

+TK + -fP-fPE + EK K +K+EL L + A++ E+4- 

Sb j C t : 43 ETKASNTHDDSLPKPETIQEAKATIDAVEKTLSQQKAELTELATALTKTTAEINHLKEQQ 
102 



Query : 191 ATEAKQKVDAEEVAPQAKIAELENQVHRLEQELKEIDESESEDYAKEGFRAPLQSKLDAK 
250 

E K A+E+ + E + + + +E+ +E+E + + + +4- L + 

Sbj Ct : 10 3 DNEQKALTSAQEIYTNTLASSEETLLAQGAEHQRELTATETELHNAQADQHSKETALSEQ 
162 

Query : 251 KAKLS KLEELSDKIDELDAEIAKLEDQL KAAEENHNVEDYFKEGLEKTI 

299 

KA +S + ++L +++ + IAKL + KAA+ N+ LEK 

Sbj Ct : 163 KASISAETTRAQDLVEQVKTSEQNIAKLNAMISNPDAITKAAQTANDNTKALSSELEKA- 
221 



Query: 3 00 AAKKAELEKTEADLKKAVNE 319 

KA+LE +A +KK + E 
Sbjct: 222 KADLENQKAKVKKQLTE 238 
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FIGURE 3: BLAST results of Coiled-Coil regions of GAS 40 with other 
Streptococcus bacteria 

3(d) BLAST alignment of amino acid sequence of GAS 40 including the second 
coiled-coil region with SpB precursor of Streptococcus gordonii 

>a± \ 23380384 1 qb | AAN182 99 . 1 1 immunoreactive protein Se89.9 (fragment) 
[Streptococcus equi] 

Length = 210 

> ref [NP 268623. l] putative surface exclusion protein [Streptococcus 
pyogenes] 

Length = 87 3 

Score = 173 bits (438) , Expect = 4e-45 

Identities = 98/209 (46%) , Positives = 144/209 (68%) 

Query: 1 ESDIVDATRFSTTEIPKSGQVIDRSASIQALTNDIASIKGKIASLESRLADPSSEAEVTA 
60 

ES+I + RF+ T I G D + + +++ IA+IKGK++SLE+RL+ EA++ A 

Sbjct : 509 ESNIA3STHQRFNKTPIKAVGSTKDYAQRVGTVSDTIAAIKGKVSSLENRLSAIHQEADIMA 
568 

Query : 6 1 AQAKISQLQHQLEAAQAKSHKLDQQVEQLANTKDSLRTQLLAAKEEQAQLKANLDKALAL 
120 

AQAK+SQLQ +L + +S L+ QV QL +TK SLRT+LLAAK +QAQL+A D++LA 
Sbjct : 569 AQAKVSQLQGKLASTIjKQSDSLNLQVRQLNDTKGSLRTELIiAAKAKQAQLEATRDQSIiAK 

628 

Query : 121 LASSKATLHKLEAAMEEAKARVAGLASQKAQLEDLLAFEKNPNRIELAQEKVAAAKKALA 
180 

LAS KA LH+ EA E+A ARV L ++KA L+ L F+ NPNR+++ +E++ K+ LA 
Sbjct : 62 9 LASLKAALHQTEALAEQAAARVTALVAKKAHLQYLRDFKLNPNRLQVIRERIDNTKQDLA 
688 

Query: 181 DTEDKLLAAQASLSDLQAQRARLQLSIAT 2 09 

T LL AQ +L+ LQA+++ L+ +IAT 
Sbjct: 689 KTTS S LLNAQE AL AAL QAKQ S S LE AT I AT 717 
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Figure 4: Secondary Structure Prediction of GAS 40 

Figure 4(a) Secondary Structure prediction alignment with GAS 40 

amino acid sequence 

10 20 30 40 50 60 70 

I I I I I I I 

MDLEQTKPNQVKQKIALTSTIALLSASVGVSHQVKADDRASGETKASNTHDDSLPKPETIQEAKATIDAV 

CCCCCCCCchhhHHhhhhh^ 
EKTLSQQKAELTELATALTKTTAEIN 

HHHHHHHHHHHHHHHHHHHHhhHHHHHHHHhhhHHHHHHHHHHHHHHhcccchHHHHHHHHHHHHHHHHH 
TETELHNAQADQHSKETALSEQKASISAETTRAQDLVEQVKTSEQNIAKliNAMISNPDAITKAAQTANDN 
HHHHHHHHHHcccchhHHHHhhhhccehhhhHHHHHHHHHhhHHHHHHHHHhhhcCGHHHHHHHHHHhhc 
TKMjSSELEKAKADLENQKAKVKKQLTEELAAQKAALAEKEAEL 

cHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHhcCCCCCCCceEcCCCCCCCCCC 
PLEELKKLiEASGYIGSASYNNYYKEHADQIIAKAS PGNQLNQYQDIPADRNRFVDPDNLTPEVQNELAQF 
CHHHHHHHhc Cc cceecc chHHHHHHHHHHHHHhCCchhhhhhc cCcccc c CCCCCCCCChHHHHHHHHH 
AAHMINSVRRQLGLPPVTVTAGSQEFARLLSTSYKKTHGNTRPSFVYGQPGVSGHYGVGPHDKTIIEDSA 
HHHHHHHHHHHc CCCCc ee cCCCHHHHHHHHhh.cc cc cCCCCc eEEE c CCC cee e c c eCcCCCeEEEE c C 
GASGLI RNDDNMYENI GAFNDVHTVNGI KRGI YDS I KYMLFTDHLHGNT YGHAINFLRVDKHNPNAPVYL 
CCCceecCCcHHHhhhcccccccccCcccccHHHHHHHhheecccCccchhHHheeeeecCCCCCCcEEE 
GFSTSNVGSLNEHFVMFPESNIANHQRFNKTPIKAVGSTKDYAQRVGTVSDTIAAIKGKVSSLENRLSAI 

E EE e C Cc cCc C cceecccccc chHHhhhCCCC C c C C C C c HHHHHHH c hhHHHHHHHh c C c c cHHHHHHHH 

HQEADIMA^QAKVSQLQGKTjASTLKQSDSLNLQVRQLNDTKGSLRTELLAAKAKQAQLEATRDQSLAKLA 

HHHHHHHHHHHHHHHHHhHHHHhhccCCchhHHhhhhhcCcCHHHHHHHHHHHHHHHHHHhhHHHHHHHH 

SLKAALHQTEALAEQAAARVTALVAKKAHLQYLRDFKLNPNRLQVIRERIDNTKQDLAKTTSSLLNAQEA 

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHcCCccHHHHHHHHHHhHHHHHHHHHHHHHHHHHH 

LAALQAKQSSLEATIATTEHQLTLLKTIjANEKEYRHLDEDIATVPDLQVAPPIiTGVKPLSYSKIDTTPLV 

HHHHHHhhcCc eeec CchHHHHHHHHHHHHhhhhhhHHHhhhc cCCCccCCCCCCcCCCoeecaCCCHHH 

QEMVKETKQLLEASARLAAENTSLVAEALVGQTSEMVASNAIVSKITSSITQPSSKTSYGSGSSTTSNLI 

HHHHHHHHHHHHHHHHHHHHhHHHHHHHHhc chhHHHHhhchhhhc c eE Ee cCCC c cccccCccccCcce 

SDVDESTQRALKAGWMLAAVGLTGFRFRKESK 

cCCchHHHHHHHhcceeeEeeccccceeeccCC 
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Figure 4(b): Secondary Structure prediction based on PairCoil Score 
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Figure 4(c): Secondary Structure prediction of Leucine Zipper within 

coiled coil. 
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Figure 8: Immunization in Murine Mouse Model 
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SEQUENCE LISTING 

SEQ ID NO: 1 amino acid sequence comprising GAS 40 

MDLEQTKPNQVKQKIAIjTSTIALLS 

KTLS QQKAEDTELATALTKTTAE IHHLKEQQDNEQKALTS AQE I YTNTLAS S EETLIiAQGAEHQRELTATE 
TELHNAQADQHSKETAL S EQKAS I S AETTRAQDLVEQVKTS EQNI AKLNAMI SNPDAI TKAAQTANDNTKA 
LSSELEKAKADLENQKAKVKKQLTEELAAQ 
LKKXiEASGYIGSASYNlTCYKEHM 

NSVRRQLGLPPVTVTAGSQEFARLLSTSYKKTHGNTRPSFVYGQPGVSGHYGVGPHDKTIIEDSAGASGLI 

RlSTODlSnyrYENIGAFND^ 

GSLNEHFVMFPESNIANHQRFK^^ 

AQAKVSQLQGKLASTLKQSDSLNLQVRQLN^ 

EALAEQAAARVTALVAKKAHLQYLRDFKLNPNRLQVIRERIDNTKQDLAKTTSSLLNAQEALAALQAKQSS 
LEATIATTEHQLTLLKTLANEKEYRHLDEDIATVPDLQVAPPLTGWPLSYSKIDTTPLVQE3WKETKQLL 
EASARIiAAENTSIiVAEALVGQTSEWASNAIVSKITSSITQPSSKTSYGSGSSTTSNLISDVDESTQ RAIiK 
AGWMIjAAVGLTGFRFRKESK 

SEQ ID NO: 2 polynucleotide sequence encoding for GAS 40 

ATGGACTTAGAACAAACGAAGCCAAACCAAGTTAAGCAGAAAATTGCTTTAACCTCAACAATTGCTTTATT 
GAGTGCCA GTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAACGAAGGCGAGTA 
ATACTCACGACGATAGTTTACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAACTATTGATGCAGTTGAA 

aaaactctcagtcaacaaaaagcagaactgacagagcttgctaccgctctgacaaaaactactgctgaaat 
caaccacttaaaagagcagcaagataatgaacaaaaagctttaacctctgcacaagaaatttacactaata 
ctcttgcaagtagtgaggagacgctattagcccaaggagccgaacatcaaagagagttaacagctactgaa 
acagagcttcataatgctcaagcagatcaacattcaaaagagactgcattgtcagaacaaaaagctagcat 
ttcagcagaaactactcgagctcaagatttagtggaacaagtgaaaacgtctgaacaaaatattgctaagc 
TCAATGC tatgattagcaatcctgatgctatc actaaagc agc tc aaac ggctaatgataatac AAAAGC A 
ttaagctcagaattggagaaggctaaagctgacttagaaaatcaaaaagctaaagttaaaaagcaattgac 
tgaagagttggcagctcagaaagctgctctagcagaaaaagaggcagaacttagtcgtcttaaatcctcag 
ctccgtctactcaagatagcattgtgggtaataataccatgaaagcaccgcaaggctatcctcttgaagaa 
cttaaaaaattagaagctagtggttatattggatcagctagttacaataattattacaaagagcatgcaga 
tc aaattattgc c aaagctagtc c aggtaatc aattaaatc aatacc aagatattcc agc agatcgtaatc 
gctttgttgatcccgataatttgacaccagaagtgcaaaatgagctagcgcagtttgcagctcacatgatt 
aatagtgtaagaagacaattaggtctaccaccagttactgttacagcaggatcacaagaatttgcaagatt 
ac ttagtac c agc tataagaaaac tc atggtaatac aagac c atc atttgtct ac ggac agcc aggggtat 
cagggcattatggtgttgggcctcatgataaaactattattgaagactctgccggagcgtcagggctcatt 
cgaaatgatgataac atgtac gagaatatc ggtgc ttttaacgatgtgc atac tgtgaatggtattaaacg 
tggtatttatgacagtatcaagtatatgctctttacagatcatttacacggaaatacatacggccatgcta 
ttaactttttacgtgtagataaacataaccctaatgcgcctgtttaccttggattttcaaccagcaatgta 
ggatctttgaatgaac ac tttgtaatgtttc c agagtctaac attgctaac c atc aac gc tttaat aagac 
ccctataaaagccgttggaagtacaaaagattatgcccaaagagtaggcactgtatctgatactattgcag 
cgatcaaaggaaaagt2\agctcattagaaaatcgtttgtcggctattcatcaagaagctgatattatggca 
gcccaagctaaagtaagtcaacttcaaggtaaattagcaagcacacttaagcagtcagacagcttaaatct 
ccaagtgagacaattaaatgatactaaaggttctttgagaacagaattactagcagctaaagcaaaacaag 
c ac aactcgaagctac tc gtgatc aatc att agctaagc tagc atcgttgaaagcc gc actgcacc agac a 
gaagccttagcagagcaagccgcagccagagtgacagcactggtggctaaaaaagctcatttgcaatatct 
aagggactttaaattgaatcctaaccgccttcaagtgatacgtgagcgcattgataatactaagcaagatt 
tggctaaaac tac c tc atc tttgttaaatgc ac aagaagctttagc agccttac aagc taaac aaagc agt 
ctagaagc tac tattgc tacc acagaac ac c agttgactttgcttaaaac ctt agctaac gaaaaggaata 
tcgccacttagacgaagatatagctactgtgcctgatttgcaagtagctccacctcttacgggcgtaaaac 
c gc tatc atatagtaagatagatactac tc c gcttgttc aagaaatggttaaagaaac gaaac aac tatt a 
gaagcttcagcaagattagctgctgaaaatacaagtcttgtagcagaagcgcttgttggccaaacctctga 
aatggtagcaagtaatgccattgtgtctaaaatcacatcttcgattactcagccctcatctaagacatctt 
atggctc aggatc ttc tac aac gagc aatc tc atttctgatgttgatgaaagtac tcaaag agctcttaaa 
gcaggagtcgtcatgttggcagctgtcggcctcacaggatttaggttccgtaaggaatctaagtga 

SEQ ID NO: 3 amino acid sequence comprising an N terminal leader sequence of GAS 40 

MDLEQTKPNQVKQKIALTSTIALLSA 
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SEQUENCE LISTING 

SEQ ID NO: 4 polynucleotide sequence encoding an N terminal leader sequence of GAS 40 

ATGGACTTAGAAC AAAC GAAGCC AAACCAAGTTAAGC AGAAAATTGCTTTAACCTC AAC AATTGC TTTATT 
GAGTGCC 

SEQ ID NO: 5 amino acid sequence comprising a fragment of GAS 40 with N terminal leader 
sequence removed 

SVGVSHQVKADDRASGETKASNTHDDSLPKPETIQEAKATIDAVEKTLSQQKAEIiTELATALTKTTAEINH 
LKEQQDNEQKALTS AQE I YTNTIiAS S EETIiliAQGAEHQRELTATETELHNAQADQHSKETAIjSEQKAS I S A 
ETTRAQDLVEQVKTSEQNIAKLNAMISNPDAIT 
LAAQKAALAEKEAELSRLKSSAPSTQDS IVGNNTMK^ 

IAKAS PGNQLNQYQD I PADRNRFVD PDNLTPEVQNELAQFAAHMINS VRRQLGL P P VTVTAG S QEFARLL S 

TSYKKTHGNTRPSFVYGQPGVSGHYGVGPHDK^ 

YDSIKYMLFTDHLHGNTYGHAINFLRVDKH^ 

KAVGS TKDYAQRVGTVS DTI AAI KGKVS SLENRL S AIHQEADIMAAQAKVS QLQGKLASTLKQSDSLNLQV 
RQLXTOTKGSLRTELLAAKAKQAQLEATRDQSLAK^^ 

FKLNPNRIiQVIRERIDNTKQDLAKTTSSLLNAQEAIiAALQAKQSSLEATIATTEHQLTrjIiKTLANEKEYRH 

LDEDIATVPDLQVAPPLTGVKPLSYSKIDTTPLVQEMV^ • 
ASNAIVSKITSSITQPSSKTSYGSGSSTTSNLlSDVDESTQRAiKAGVVMLAAVGLTGFRFRKESK 

SEQ ID NO: 6 polynucleotide sequence encoding a fragment of GAS 40 with N terminal leader 
sequence removed 

AGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAACGAAGGCGAGTAATACTCA 
CGAC GATAGTTTACC AAAAC C AGAAAC AATTC AAGAGGC AAAGGC AACTATTGATGC AGTTGAAAAAAC TC 
TCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACAAAAACTACTGCTGAAATCAACCAC 
TTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAACCTCTGCACAAGAAATTTACACTAATACTCTTGC 
AAGTAGTGAGGAGAC GCTATTAGC C C AAGGAGC CGAACATC AAAGAGAGTTAAC AGC TAC TGAAAC AGAGC 
TTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGCATTTCAGCA 
GAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAAATATTGCTAAGCTCAATGC 
TATGATTAGC AATC CTGATGCTATC ACTAAAGCAGC TCAAACGGCTAATGATAATAC AAAAGC ATTAAGCT 
CAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATTGACTGAAGAG 
TTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTCAGCTCCGTC 
TAC TC AAGATAGC ATTGTGGGTAATAATAC C ATGAAAGC ACCGCAAGGCTATCCTC TTGAAGAACTTAAAA 
AATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGATCAAATT 
ATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATACCAAGATATTCCAGCAGATCGTAATCGCTTTGT 
TGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCAGCTCACATGATTAATAGTG 
TAAGAAGACAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCACAAGAATTTGCAAGATTACTTAGT 
AC C AGCTATAAGAAAAC TC ATGGTAATAC AAGACC ATC ATTTGTCT AC GGAC AGCC AGGGGTATC AGGGC A 
TTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCGGAGCGTCAGGGCTCATTCGAAATG 
ATGATAAC ATGTAC GAGAATATC GGTGCTTTTAAC GATGTGC ATAC TGTGAATGGT ATTAAACGTGGTATT 
TATGAC AGTATCAAGTATATGC TCTTTAC AGATC ATTTAC ACGGAAATAC ATAC GGCC ATGCTATTAAC TT 
TTTACGTGTAGATAAAC ATAAC C CTAATGC GCC TGTTTACCTTGGATTTTC AAC C AGC AATGTAGGATCTT 
TGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCATCAACGCTTTAATAAGACCCCTATA 
AAAGC CGTTGGAAGTAC AAAAGATT ATGC C C AAAGAGTAGGC ACTGTATCTGATAC TATTGC AGCGATCAA 
AGGAAAAGTAAGC TC ATTAGAAAATCGTTTGTC GGCTATTC ATC AAGAAGC TG ATATTATGGC AGCCC AAG 
CTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAATCTCCAAGTG 
AGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACAAGCACAACT 
CGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCATCGTTGAAAGCCGCACTGCACCAGACAGAAGCCT 
T AGC AGAGC AAGC C GC AGCCAGAGTGAC AGC ACTGGTGGC TAAAAAAGC TC ATTTGC AATATC TAAGGGAC 
TTTAAATTGAATC C TAACCGC CTTC AAGTGATACGTGAGC GC ATTGATAATACT AAGC AAGATTTGGCTAA 
AACTACCTCATCTTTGTTAAATGC AC AAGAAGCTTTAGC AGC CTTAC AAGC TAAAC AAAGC AGTCTAGAAG 
CTACTATTGC TAC C AC AGAAC ACC AGTTGAC TTTGC TTAAAACCTTAGC TAAC GAAAAGGAATATC GCC AC 
TTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAAACCGCTATC 
ATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACGAAACAACTATTAGAAGCTT 
CAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGAAATGGTA 
GCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGACATCTTATGGCTC 
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SEQUENCE LISTING 

AGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAAGAGCTCTTAAAGCAGGAG 
TCGTCATGTTGGCAGCTGTCGGCCTCACAGGATTTAGGTTCCGTAAGGAATCTAAGTGA 

SEQ ID NO: 7 amino acid sequence comprising a C terminal transmembrane region of GAS 40 

ALKAGWMLAAVGIiTGFRFRKE SK 

SEQ ID NO: 8 polynucleotide sequence encoding a C terminal transmembrane region of GAS 40 

GCTCTTAAAGCAGGAGTCGTCATGTTGGCAGCTGTCGGCCTCACAGGATTTAGGTTCCGTAAGGAATCTAA 
GTGA 

SEQ ID NO: 9 amino acid sequence comprising a fragment of GAS 40 with a C terminal 
transmembrane sequence removed 

MDLEQTKPNQVKQKIALTSTIALLSASVGVSHQVKADDRASGETKASNTHDDSLPKPETIQEAKATIDAVE 
KTLSQQKAELTELATALTKTTAEIlSnS^ 

TELHNAQADQHSKETAIiSEQKASISAETTRAQDLVEQVKTSEQNIAKLNAMISNPDAITKAAQTANDNTKA 
LSSELEKAKADLENQKAKVKKQLTEELAAQKA 

LKKLEASGYIGSASYNIST^YKEHADQI I AKAS PGNQLNQYQDI PADRNRFVDPDNLTPEVQNELAQFAAHMI 
NS VRRQLGLP PVTVTAGS QEFARLLS T S YKKTHGNTRP S FVYGQPGVS GHYGVGPHDKTI I EDS AGASGLI 
R3STDDNMYENI GAFNDVHTVNGI KRGI YDS I KYMLFTDHLHGNTYGHAINFLRVDKHNPNAPVYLGF S T SNV 
GSLNEHFW1FPESNIANHQRFNKTPIKAVGSTKDYAQRVGTVSDTIAAIKGKVSSLENRLSAIHQEADIMA 
AQAKVSQLQGKLASTLKQSDSLNLQVRQLNDTKGSLjRTELLAAKAKQAQL 

EALAEQAAARVTALVAKKAHLQYLRDFKDNPNRLQVIRERIDNTKQDLAKTTSSLLNAQEALAALQAKQSS 
LEATIATTEHQLTLIiKTLANEKEYRHLDEDIATVPDLQVAPPLTGVKPLSYSKIDTTPLVQEMVKETKQLL 
EASARIjAAENTSLVAEALVGQTSEMVASNAIVSKITSSITQPSSKTSYGSGSSTTSNLISDVDESTQR 

SEQ ID NO: 10 polynucleotide sequence encoding a fragment of GAS 40 with a C terminal 
transmembrane sequence removed 

ATGGACTTAGAACAAACGAAGC C AAAC C AAGTTAAGC AGAAAATTGCTTTAAC CTCAACAATTGCTTTATT 
GAGTGCCAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAACGAAGGCGAGTA 
ATACTCACGACGATAGTTTACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAAGTATTGATGCAGTTGAA 
AAAACTC TC AGTC AAC AAAAAGC AGAACTGAC AGAGCTTGCTAC C GC TC TGAC AAAAACTAC TGCTGAAAT 
CAACCACTTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAACCTCTGCACAAGAAATTTACACTAATA 
C TC TTGC AAGTAGTGAGGAGACGCTATTAGC CC AAGGAGCCGAAC ATCAAAGAGAGTTAAC AGC TACTGAA ■ 
ACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGCAT 
TTCAGC AGAAAC TAG TC GAGCTC AAGATTTAGTGGAACAAGTC AAAACGTC TGAAC AAAATATTGC TAAGC 
' TC AATGC TATGATTAGC AATCCTGATGCTATC ACTAAAGC AGCTCAAAC GGCTAATGATAATAC AAAAGC A 
TTAAGCTC AGAATTGGAGAAGGCTAAAGC TGAC TTAGAAAATC AAAAAGCTAAAGTTAAAAAGCAATTGAC 
TGAAGAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTCAG 
CTCC GTCTACTC AAGATAGC ATTGTGGGTAAT AATACC ATGAAAGC AC C GC AAGGC TATCCTCTTGAAGAA 
CTTAAAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGA 
TC AAATTATTGCCAAAGCTAGTCC AGGTAATCAATTAAATC AATAC C AAGATATTC C AGC AGATC GTAATC 
GCTTTGTTGATC C C GATAATTTGAC AC C AGAAGTGC AAAATGAGCTAGCGC AGTTTGC AGCTCAC ATGATT 
AATAGTGTAAGAAGACAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCACAAGA^TTTGCAAGATT 
ACTTAGTAC CAGCTATAAGAAAAC TC ATGGTAATAC AAGACC ATC ATTTGTCTACGGAC AGC C AGGGGTAT 
CAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCGGAGCGTCAGGGCTCATT 
CGAAATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGATGTGCATACTGTGAATGGTATTAAACG 
TGGTATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTTACACGGAAATACATACGGCCATGCTA 
TTAAC TTTTTAC GTGT AGAT AAAC AT AAC C C TAATGC GC C TGTTTAC C TTGG ATT TTC AAC C AGC AATGT A 
GGATCTTTGAATGAAC ACTTTGTAATGTTTCC AGAGTCTAAC ATTGCTAAC CATC AAC GC TTTAATAAGAC 
C C CTATAAAAGCCGTTGGAAGTAC AAAAGATTATGC CC AAAGAGTAGGC AC TGTATCTGATACTATTGC AG 
CGATCAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTATTCATCAAGAAGCTGATATTATGGCA 
GC C C AAGC TAAAGTAAGTC AACTTC AAGGTAAATTAGC AAGC AC AC TTAAGC AGTC AGACAGC TT AAATCT 
CCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACAAG 
CACAACTCGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCATCGTTGAAAGCCGCACTGCACCAGACA 
GAAGCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCATTTGCAATATCT 
AAGGGACTTTAAATTGAATCC TAAC CGC C TTC AAGTGATAC GTGAGC GC ATTGATAATACTAAGC AAGATT 
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TGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCCTTACAAGCTAAACAAAGCAGT 
CTAGAAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTTAAAACCTTAGCTAACGAAAAGGAATA 
TCGCCACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAAAC 
C GCTATC ATATAGTAAGATAGATACTACTC CGCTTGTTC AAGAAATGGTTAAAGAAACGAAAC AACTATT A 
GAAGCTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGA 
AATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGACATCTT 
ATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAAGA 

SEQ ID NO: 11 amino acid sequence comprising a transmembrane region of GAS 40 as shown 
in Figures 1 and 2. alkagvvmlaavgdtg 

SEQ ID NO: 12 amino acid sequence comprising a first coiled-coil region of GAS 40 

ETIQEAKATIDAVEKTliSQQKAELTELATALTKTTAEINHLKEQQDNEQKALTSAQEIYTNTLASSEETLL 
AQGAEHQRELTATETELHNAQADQHSKETALSEQKAS ISAETTRAQDLVEQVKTSEQNIAKLNAMI SNPDA 

ITKAAQTANDNTKALSSELEKAKADL^ 

SEQ ID NO: 13 amino acid sequence comprising a second coiled-coil region of GAS 40 

RLSAIHQEADIMAAQAKVSQLQGKLASTLKQS 

AKLASLKAALHQTEALAEQAAARVTALVAKKAHLQYLRDFKLNPNR 
QEALAALQAKQSSLEATIATTEHQLTLLKTLANEKE 

SEQ ID NO: 14 amino acid sequence comprising a leucine zipper motif within the second 
coiled-coil region of GAS 40. 

QVIRERIDNTKQDLAKTTSSLLNAQEALAAL 

SEQ ID NO: 15 amino acid sequence comprising SpA from Streptococcus gordonii Genbank 
reference GI 25990270 

MNKRKEVFGFRKSKVAKTLCGAVLGA 

AAS Q S QAQAG S KEGAL P VE VS ADDLNQAVTDAKAAGVNVVQD QT SDKGTATTAAENAQKQAE I KS D YAKQA 
EEIKKTTEAYKKEVEAHQAETDKINAENKAAEDKYQEDLKAHQAEVEKINTANATAKAEYEAKIiAQYQKDL 

AAVQKANEDSQLDYQNKLSAYQAELARVQKANAEAKEAYEKAWENTAKNAALQAENE^ 

DAAMKQ YE ADLAAI KKAKEDNDAD YQAKL AAYQ AELARVQKANADAKAAYEKAVEENTAKNTAI QAENE AI 

KQRNAAAKATYEAALKQYEADLAAAKKANEDSDADYQAKLAAYQTEL^ 

NAALQAENE E I KQRN AAAKTD YEAKLAKYE ADLAKYKKELAEYPA 

GYLSKPSAQSLVYDSEPNAQLSLTTNGKMLKASAVDEAFSHDTAQYSKKILQPDNLWSYLQQADDVTSSM 
EIjYGNFGDKAGWTTTVGNISITEVKFASVIjIjERGQ SVTATYTNLEKS YYNGKKI SKAVFKY SIjD sd skfknvd 
KAWLGVLPDPTLGVFASAYTGQEEKDTSIFIKNEFT^ 

GTFVKI SGS SVGEKDGKI YATETLNFKQGQGG SRWTMYKNSQPG SGWD S SD APNSWYGAGAI SMSGPTNHV 
TVGAISATQWPSDPVMAVATGKRPNIWYSLNGKIRAVNVPKITKEKPTPPVAPTEPQAPTYEVEKPLEPA 
PVAPTYENEPTPPVKTPDQPEPSKPEEPTYETEKPLEPAPWPTYENEPTPPVKTPDQPEPSKPEEPTYET 
EKPLEPAPVAPTYENEPTPPVKTPDQPEPSKPEEPTYDPLPTPPVAPTPKQLPTPPWPTVHFHYSSLiLAQ 
PQINKEIKNEDGVDIDRTLVAKQSIVKFELKTEALTAGRPKTTSFVLVDPLPTGYKFDLDATKAASTGFDT 

TYDEASHTVTF]^TDETLATYNADLTKPVET 
GKPNDPDNPNKntTCIKPTK^ 

EEALDVRPDLVKVADEKGNQVSGVSVQQYDSLEAAPKKVQDLLKKANITVKGAFQLFSADNPEEFYKQWS 
TGTSLVITDPMTVKSEFGKTGGKYENKAYQIDFGNGYATE 

QLYQTFNYRLIGGFIPQNHSEELEDYSFVDDYDQAGDQYTGNYKTFSSLNLTMKDGSVIKAGTDLTSQTTA 
ETDAANGIVTVRSKEDSLQKISLDSPFQAETYLQMRRIAIGTFENTYVNTVNKVAYASNTVRTTTPIPRTP 
DKPTPIPTPKPKDPDKPETPKEPKVPSPKVEDPSAPIPVSVGKELTTLPKTGTITOSSYMPYLGLAALVGVL 

GLGQLKRKEDESN 

SEQ ID NO: 16 amino acid sequence comprising Streptococcal surface protein B precursor 
from Streptococcus gordonii Genbank reference GI 25055226 AAC44102.3 
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MQKRWFGFRKSKVAKTLCGAVLGAA^ . 
ASQSQAQAGSKDGALPVEVSADDLNKAW^ 

EIKKTTEAYKKEVKAHQAETDKINAENKAAEDKYQEDLKAHQAEVEKINTANATAKA 

AVQKANED S QLD YQNKL S AYQAEIjARVQI<CANAEAKE AYEKAVKENT AK2SI AAL Q AENEAX KQRNETAKA2SJYD 

AAMKQYEADLAAIKKAKEDISPADYQAKIjAAYQAEIj 

QRInTETAKATYEAAVKQYEADLAAVK 

aalqaeneeikqrnaaaktdyeaklakyead^^ 

epnairtidssvhqygqqeldalvkswgisptnpdrkkstaysyfnainsnntyaklvlekdkpvdvtytg 

lknssfngkkiskvvytytlketgfddgt™^ 

gglwfsslnrgngsgaidkd^^ 

tsspnnwygaivgeitqseisfnma 

VPTYENEPTPPVKTPDQPEPSKPEEPTYETEKPLEPAPVAPTYENEPTPPVKIPDQPEPSKPEEPTYETEK 

PLEPAPVAPTYENEPTPPVKTPDQPEPSKPEEPTYDPLPTPPLAPTPKQLPTPPWPTVHFHYSSLIjAQPQ 

INKEIKJSTEDGVDIDRTLVAKQSIGKFELKTEAIjTAGRPKTTSFVIjVDPLPTGYKFDLDATKAASTGFDTTY 

DEASHTVTFKATDETLATYNADLTKPVETL^ 

PNDPDNPISnXINYIKPTKW 

ALDVRPDLVKVADEKGNQVSGVSVQQYDSLEAAPK^ 
TSLVITDPMTVKSEFGKTGGKYENKAYQI^^ 

YQTFNYRLIGGF IPQNHS EELEDYSFVDDYDQAGDQYTGl^KTFS SLNLTMKDGSVIKAGTDLTSQTTAET 
DATNGIVTVRFKEDFLQKI SLDS PFQAETYLQMRRI AIGTFENTYVNTVNKVAYASNTVRTTTP I PRTPDK 
PTPIPTPKPKDPDKPETPKEPKVPSPKVEDPSAPIPVSVGKELTTLPKTGTNDATYMPYLGIiAALVGFLGIj 
GLAKRKED 

SEQ ID NO: 17 amino acid sequence comprising PspA from Streptococcus pneumoniae 
Genbank reference GI 282335 

MNKKKMI LTSLAS VAILGAGF VAS QPTWRAEE S PVAS Q S KAEKDYDAAKKDAKNAKKAVEDAQKALDDAK 

AAQKKYDEDQKKTEEKAALEKAASEEMDKAVAAVQQAYLAYQQATDKAAKDAADKMIDEAKKREEEAKTKF 

NTVRAMWPEPEQLAETKKKSEEAKQKAPELTKKLEEAKAiG^EEAEKKATEAKQKVDAEEVAPQAKI 

NQVHRLEQELKEIDESESEDYAKEGFRAPLQSKLDAKKAKLSKLEELSDKIDELDAEIAKLEDQLKAAEEN 

IsnWEDYFKEGLEKTIAAKKAELEKTEADLKKAVNEPEKPAPAPETPAPEAPAEQPKPAPAPQPAPAPKPEK 

PAEQPKPEKTDDQQAEEDYARRSEEEYNRLTQQQPPKAEKPAPAPKTGWKQENGMVTfFYNTDGSMATGWLQ 

3NING S WY YLNS NGAMATGWL Q YNG S WY YLNANGAMATGWAKVN G S WY YLNANGAMATGWL Q YNG S WY YLNAN 

GAMATGWAKVNGSWYYLNANGAMATGWLQYN^ 

DTWYYLEAS GAMKAS QWFKVSDKWYYVNGLGALAVNTTVBGYKVNAlvrGEWV 

SEQ ID NO: 18 amino acid sequence comprising a portion of Se89.9 of Streptococcus equi 
Genbank reference GI 2330384 

ESDIVDATRFSTTEIPKSGQVIDRSASIQALTNDIASIKGKIASLESRLADPSSEAEVTAAQAKISQLQH 
QLEAAQAKSHKLDQQVEQLANTKD SLRTQIjIjAAKEEQAQLKAlSrLDKAIjALLrAS SKATLHKLEAAMEEAKA 
RVAGLASQKAQLEDLLAFEKNPNRIELAQEKVAAAKKALADTEDKLLAAQASLSDLQAQRARLQLSIATI 

SEQ ID NO: 19 polynucleotide sequence comprising GST-40-HIS 

CTGGTTCCGCGTGGATCCCATA.TGAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGG 
AGAAACGAAGGCGAGTAATACTCACGACGATAGTTTACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAA 
CTATTGATGCAGTTGAAAAAACTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACA 
AAAACTACTGCTGAAATCAACCACTTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAACCTCTGCACA 
AGAAATTT AC ACTAATAC TCTTGC AAGTAGTGAGGAGAC GC TATTAGCCC AAGGAGCC G AACATC AAAGAG 
AGTTAACAGCTACTGAAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCA 
GAACAAAAAGCTAGCATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGA 
ACAAAATATTGCTAAGCTCAATGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTCAAACGGCTA 
ATGATAATACAAAAGCATTAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAA 
GTTAAAAAGCAATTGACTGAAGAGTTGGCAGCTCAGAAAGGTGCTCTAGCAGAAAAAGAGGCAGAACTTAG 
TCGTCTTAAATCCTCAGCTCCGTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAGCACCGCAAG 
GCTATCCTCTTGAAGAACTTAAAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTAT 
TAC AAAGAGCATGC AGATC AAATTATTGC CAAAGCTAGTC C AGGTAATC AATTAAATC AATAC C AAGATAT 
TCCAGCAGATCGTAATCGCTTTGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGT 
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TTGCAGCTCACATGATTAATAGTGTAAGAAGACAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCA 
CAAGAATTTGCAAGATTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATTTGTCTA 
CGGACAGCCAGGGGTATCAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCG 
GAGCGTCAGGGCTCATTCGAAATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGATGTGCATACT 
GTGAATGGTATTAAACGTGGTATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTTACACGGAAA 
TACATACGGCCATGCTATTAACTTTTTACGTGTAGATAAACATAACCCTAATGCGCCTGTTTACCTTGGAT 
TTTCAACCAGCAATGTAGGATCTTTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCAT 
CAACGCTTTAATAAGACCCCTATAAAAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGT 
ATCTGATACTATTGCAGCGATCAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTATTCATCAAG 
AAGCTGATATTATGGCAGCCCAAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAG 
TCAGACAGCTTAAATCTCCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGC 
AGCTAAAGCAAAACAAGCACAACTCGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCATCGTTGAAAG 
CCGCACTGCACCAGACAGAAGCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAA 
GCTCATTTGCAATATCTAAGGGACTTTAAATTGAATCCTAACCGCCTTCAAGTGATACGTGAGCGCATTGA 
TAATACTAAGCAAGATTTGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCC.TTAC 
AAGCTAAACiJiAAGCAGTCTAGAAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTTAAAACCTTA 
GCTAACGAAAAGGAATATCGCCACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACC 
TC TTACGGGC GTAAAAC CGCTATC ATATAGTAAGATAGATAC TAG TCC GCTTGTTCAAGAAATGGTTAAAG 
AAACGAAACAACTATTAGAAGCTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTT 
GTTGGCCAAACCTCTGAAATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCC 
CTCATCTAAGACATCTTATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTA 
CTCAAAGAGCTCTTAAAGCAGGAGTCGTCATGTTGGCAGCTGTCGGCCTCACAGGATTTAGGTTCCGTAAG 
GAATCTAAGGCGGCCGCACTCGAGCACCACCACCACCACCACCAC 



SEQ ID NO: 20 amino acid sequence comprising GST-40-HIS 
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SEQ ID NO: 21 polynucleotide sequence comprising 40a-HIS 

ATGAGTGTAGGC GTATC TC AC C AAGTC AAAGC AGATGATAGAGC C TC AGGAGAAACGAAGGC GAGTAATAC 
TC AC GAC GATAGTTTACC AAAA.CCAG AA^lC AATTC AAGAGGCAAAGGC AAC TATTGATGC AGTTGAAAAA& 
CTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACAAAAACTACTGCTGAAATCAAC 
CACTTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAACCTCTGCACAAGAAATTTACACTAATACTCT 
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TGCAAGTAGTGAGGAGACGCTATTAGCCCAAGGAGCCGAACATCAAAGAGAGTTAACAGCTACTGAAACAG 
AGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGCATTTCA 
GCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAAATATTGCTAAGCTCAA 
TGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTCAAACGGCTAATGATAATACAAAAGCATTAA 
GCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATTGACTGAA 
GAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTCAGCTCC 
GTCTACTC AAGATAGC ATTGTGGGTAATAATACC ATGAAAGC ACC GC AAGGCTATC C TC TTGAAGAACTTA 
AAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGATCAA 

ATTATTGC CAAAGCTAGTC C AGGTAATC AATTAAATCAATACCAAGATATTC C AGC AGATCGTAATCGCTT 
TGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCAGCTCACATGATTAATA 
GTGTAAGAAGACAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCACAAGAATTTGCAAGATTACTT 
AGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATTTGTCTACGGACAGCCAGGGGTATCAGG 
GCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCGGAGCGTCAGGGCTCATTCGAA 
ATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGATGTGCATACTGTGAATGGTATTAAACGTGGT 

ATTTATGAC AGTATC AAGTATATGCTC TTTAC AGATC ATTTAC AC GGAAATAC ATACGGC C ATGCTATTAA 
CTTTTTACGTGTAGATAAACATAACCCTAATGCGCCTGTTTACCTTGGATTTTCAACCAGCAATGTAGGAT 
CTTTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCATCAACGCTTTAATAAGACCCCT 
ATAA?LAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGTATCTGATACTATTGCAGCGAT 
CAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTATTCATCAAGAAGCTGATATTATGGCAGCCC 
AAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAATCTCCAA 
GTGAGACAATTAA^TGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACAAGCACA 
ACTCGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCATCGTTGAAAGCCGCACTGCACCAGACAGAAG 
CCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCATTTGCAATATCTAAGG 
GACTTTAAATTGAATCCTAACCGCCTTCAAGTGATACGTGAGCGCATTGATAATACTAAGCAAGATTTGGC 
TAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCCTTACAAGCTAAACAAAGCAGTCTAG 
AAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTTAAAACCTTAGCTAACGAAAAGGAATATCGC 
CACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAAACCGCT 
ATCATATAGTAAGATAGATAC TAC TCC GCTTGTTCAAGAAATGGTTAAAGAAACGAAACAAC TATTAGAAG 
CTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGAAATG 
GTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGACATCTTATGG 
CTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAcGtGCGGCCGCACTCG 

AGCACCACCACCACCACCACCAC 



SEQ ID NO: 22 amino acid sequence comprising 40a-HIS 
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SEQUENCE LISTING 

TSSITQPSSKTSYGSGSSTTSNLISDVDESTQRAAA 
LEHHKHHHH 

SEQ ID NO: 23 polynucleotide sequence comprising 40a-RR-HIS 

ATGAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAACGAAGGCGAGTAATAC 
• TCACGACGATAGTTTACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAACTATTGATGCAGTTGAAAAAA 
CTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACAAAAACTACTGCTGAAATCAAC 
CACTTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAACCTCTGCACAAGAAATTTACACTAATACTCT 
TGCAAGTAGTGAGGAGACGCTATTAGCCCAAGGAGCCGAACATCAAAGAGAGTTAACAGCTACTGAAACAG 
AGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGCATTTCA 
GCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAAATATTGCTAAGCTCAA 
TGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTCAAACGGCTAATGATAATACAAAAGCATTAA 
GCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATTGACTGAA 
GAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTCAGCTCC 
GTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAGCACCGCAAGGCTATCCTCTTGAAGAACTTA 
AAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGATCAA 
ATTATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATACCAAGATATTCCAGCAGATCGTAATCGCTT 
TGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCAGCTCACATGATTAATA 
GTGT AcGfcc Gt C AATTAGGTCTACC ACCAGTTAC TGTTAC AGC AGGATC AC AAGAATTTGCAAGATTAC TT 
AGTAC CAGCTATAAGAAAACTC ATGGTAATAC AAGACC ATCATTTGTC TACGGAC AGC C AGGGGTATC AGG 
GC ATTATGGTGTTGGGC C TCATGATAAAACTATTATTGAAGACTCTGCCGGAGC GTC AGGGCTCATTCGAA 
ATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGATGTGCATACTGTGAATGGTATTAAACGTGGT 
ATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTTACACGGAAATACATACGGCCATGCTATTAA 
C TTTTTACGTGTAGATAAAC ATAAC C C TAATGCGCCTGTTTACCTTGGATTTTC AACC AGCAATGTAGGAT 
CTTTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCATCAACGCTTTAATAAGACCCCT 
ATAAAAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGTATCTGATACTATTGCAGCGAT 
CAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTATTCATCAAGAAGCTGATATTATGGCAGCCC 
AAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAATCTCCAA 
GTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACAAGCACA 
AC TC GAAGCTAC TCGTGATC AATCATTAGCTAAGCTAGC ATC GTTGAAAGC CGC ACTGC ACCAGAC AGAAG 
CCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCATTTGCAATATCTAAGG 
GAC TTTAAATTGAATC CTAAC CGCCTTC AAGTGATACGTGAGCGC ATTGATAATACTAAGCAAGATTTGGC 
TAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCCTTACAAGCTAAACAAAGCAGTCTAG 
AAGCTACTATTGC TAC C AC AGAAC ACC AGTTGACTTTGCTTAAAAC CTT AGCTAAC GAAAAGGAATATC GC 
CACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAAACCGCT 
ATCATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACGAAACAACTATTAGAAG 
CTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGAAATG 
GTAGC AAGTAATGC C ATTGTGTCTAAAATC AC ATCTTCGATTACTC AGC C CTC ATC TAAGACATCTTATGG 
CTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAcGtGCGGCCGCACTCG 

AGCACCACCACCACCACCACCAC 



SEQ ID NO: 24 amino acid sequence comprising 40a-RR-HIS 
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SEQUENCE LISTING 
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SEQ ID NO: 25 polynucleotide sequence comprising 40a-RR (nat) 

ATGAGTGTAGGC GTATC TC AC CAAGTC AAAGC AGATGATAGAGC CTCAGGAGAAACGAAGGC GAGTAATAC 
TC AC GACGATAGTTTAC C AAAACC AGAAAC AATTC AAGAGGC AAAGGC AACTATTGATGC AGTTGAAAAAA 
CTC TC AGTC AAC AAAAAGC AGAACTGACAGAGC TTGCTAC CGCTCTGAC AAAAACTAC TGC TGAAATC AAC 
C AC TTAAAAGAGCAGC AAGATAATGAAC AAAAAGCTTTAACCTCTGCACAAGAAATTTAC AC TAATAC TCT 
TGC AAGTAGTGAGGAGAC GCTATTAGCC C AAGGAGCC GAAC ATC AAAGAGAGTTAAC AGC TAC TGAAAC AG 
AGCTTCATAATGC TCAAGCAGATC AAC ATTCAAAAGAGACTGCATTGTCAGAAC AAAAAGC TAGC ATTTC A 
GCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAAATATTGCTAAGCTCAA • 
TGCTATGATTAGC AATC CTGATGCTATC AC TAAAGCAGCTC AAACGGCTAATGATAATAC AAAAGC ATTAA 
GCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATTGACTGAA 
GAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTCAGCTCC 
GTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAGCACCGCAAGGCTATCCTCTTGAAGAAGTTA 
AAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCAGATCAA 
ATTATTGCC AAAGC TAGTC C AGGTAATC AATTAAATC AATACC AAGATATTC C AGC AGATCGTAATCGC TT 
TGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCAGCTCACATGATTAATA 
GTGT AcGtcGt CAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCACAAGAATTTGCAAGATTACTT 
AGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATTTGTCTACGGACAGCCAGGGGTATCAGG 
GC ATTATGGTGTTGGGC C TC ATGATAAAAC TATTATTGAAGACTCTGC CGGAGC GTC AGGGCTC ATTC GAA 
ATGATGATAAC ATGTAC GAGAATATC GGTGC TTTTAAC GATGTGC ATACTGTGAATGGTATTAAACGTGGT 
ATTT ATGACAGTATC AAGTATATGCTCTTTAC AGATC ATTTAC AC GGAAATAC ATAC GGC C ATGC TATTAA 
C TTTTTACGTGTAGATAAAC ATAACC CTAATGC GCCTGTTTAC CTTGGATTTTC AAC C AGC AATGTAGGAT 
C TTTGAATGAAC ACTTTGTAATGTTTCC AGAGTCTAAC ATTGC TAACC ATCAAC GCTTTAATAAGAC C C CT 
ATAAAAGCC GTTGGAAGTAC AAAAGATTATGC C C AAAGAGTAGGC ACTGTATCTGATAC TATTGC AGC GAT 
C AAAGGAAAAGT AAGCTC ATTAGAAAATC GTTTGTCGGCTATTC ATCAAGAAGCTGATATTATGGC AGC C C 
AAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAATCTCCAA 
GTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACAAGCACA 
ACTC GAAGCTACTC GTGATC AATC ATTAGC TAAGCTAGC ATCGTTGAAAGC C GC ACTGC AC C AGAC AGAAG 
CCTTAGC AGAGCAAGCC GC AGC C AGAGTGAC AGC AC TGGTGGCTAAAAAAGC TC ATTTGCAATATCTAAGG 
GAC TTTAAATTGAATCC TAACC GCC TTC AAGTGATACGTGAGCGC ATTGATAATAC TAAGC AAGATTTGGC 
TAAAACTACCTC ATC TTTGTTAAATGCACAAGAAGC TTTAGCAGCCTTACAAGCTAAAC AAAGC AGTCTAG 
AAGCTAC TATTGC TAC C AC AGAACACCAGTTGAC TTTGCTTAAAAC C TTAGC TAAC GAAAAGGAATATCGC 
CACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAAACCGCT 
ATCATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACGAAACAACTATTAGAAG 
CTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGAAATG 
GTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGACATCTTATGG 
CTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAcGt 



SEQ ID NO: 26 amino acid sequence comprising 40a~RR (nat) 
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SEQ ID NO: 27 polynucleotide sequence comprising HIS-40a NH 

ATGGGATCGC^TCACGkTCACG^^ 

AGCC TC AGGAGAAAC GAAGGCGAGTAATACTC ACGAC GATAGTTTACC AAAACC AGAAAC AATTC AAGAGG 
CAAAGGCAACTATTGATGCAGTTGAAAAAACTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACC 
GCTCTGACAAAAACTACTGCTGAAATCAACCACTTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAAC 
CTCTGCACAAGAAATTTACACTAATACTCTTGCAAGTAGTGAGGAGACGCTATTAGCCCAAGGAGCCGAAC 
AgCAAAGAGAGTTAACAGCTACTGAAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACT 
GCATTGTCAGAACAAAAAGCTAGCATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAA 
AACGTCTGAACAAAATATTGCTAAGCTCAATGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTC 
AAACGGCTAATGATAATACAAAAGCATTAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAA 
AAAGCTAAAGTTAAAAAGCAATTGACTGAAGAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGC 
AGAACTTAGTCGTCTTAAATCCTCAGCTCCGTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAG 
CACCGCAAGGCTATCCTCTTGAAGAACTTAAAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTAC 
AATAATTATTACAAAGAGCATGCAGATCAAATTATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATA 
CCAAGATATTCCAGCAGATCGTAATCGCTTTGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGC 
TAGC GC AGTTTGC AGCTC AC ATGATTAATAGTGTAAGAAGAC AATTAGGTCTAC C AC C AGTTAC TGTTAC A 
GCAGGATCACAAGAATTTGCAAGATTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATC 
ATTTGTCTACGGACAGCCAGGGGTATCAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAG 
ACTCTGC CGGAGCGTC AGGGC TC ATTCGAAATGATGATAAC ATGTACGAGAATATC GGTGC TTTTAACGAT 
GTGCATACTGTGAATGGTATTAAACGTGGTATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTT 
AC ACGGAAATAC ATAC GGC C ATGCTATTAACTTTTTAC GTGTAGATAAAC ATAACC C TAATGC GCCTGTTT 
AC C TTGGATTTTC AAC C AGC AATGTAGGATCTTTGAATGAAC ACTTTGTAATGTTTC C AGAGTC TAAC ATT 
GC TAAC C ATCAACGCTTTAATAAGACCC CTATAAAAGCC GTTGGAAGTAC AAAAGaQtATGC C C AAAGAGT 
AGGC ACTGTATCTGATAC TATTGC AGCGATC AAAGGAAAAGTAAGC TC ATTAGAAAATC GTTTGTC GGC TA 
TTC ATC AAGAAGCTGATATTATGGC AGC C C AAGC TAAAGTAAGTC AAC TTC AAGGTAAATTAGC AAGC AC A 
C TTAAGC AGTC AGAC AGC TTAAATCTCC AAGTGAGAC AATT AAATGATACTAAAGGTTC TTTGAGAAC AGA 
ATTACTAGCAGCTAAAGCAAAACAAGCACAACTCGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCAT 
C GTTGAAAGC C GC AC TGC ACC AGAC AGAAGC CTTAGC AGAGC AAGC CGC AGCCAGAGTGAC AGC AC TGGTG 
GCTAAAAAAGCTCATTTGCAATATCTAAGGGACTTTAAATTGAATCCTAACCGCCTTCAAGTGATACGTGA 
GCGCATTGATAATACTAAGCAAGATTTGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAG 
CAGCCTTACAAGCTAAACAAAGCAGTCTAGAAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTT 
AAAACC TTAGCTAAC GAAAAGGAAT ATCGC C AC TTAGAC GAAGATATAGCTAC TGTGCC TGATTTGC AAGT 
AGCTCC AC CTCTTAC GGGCGTAAAAC C GCT ATC ATAT AGTAAGATAGATACTAC TC CGC TTGTTC AAGAAA 
TGGTTAAAGAAACGAAACAACTATTAGAAGCTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCA 
GAAGCGCTTGTTGGCCAAACCTCTGAAATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGAT 
TACTCAGCCCTCATCTAAGACATCTTATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTG 
ATGAAAGTACTCAAcGt 



SEQ ID NO: 28 amino acid sequence comprising HIS-40a NH 
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SEQ ID NO: 29 polynucleotide sequence comprising HIS -40a CH 

ATGGCTAGTAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAACGAAGGCGAG 
TAATACTCACGAC GATAGTTTACCAAAACC AGAAAC AATTC AAGAGGC AAAGGC AAC TATTGATGC AGTTG 
AAAAAACTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACgAAAACTACTGCTGAA 
ATCAACCA§TTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAACCTCTGCACAAGAAATTTACACTAA 
TACTCTTGC AAGT AGTGAGGAGACGCTATTAGC C C AAGGAGC C GAACATC AAAGAGAGTTAACAGC TACTG 
AAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGC 
ATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAAATATTGCTAA 
GC TC AATGCTATGATTAGC AATCCTGATGCTATC ACTAAAGC AGC TC AAAC GGCTAATGATAATAC AAAAG 
CATTAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAAAAAGCAATTG 
ACTGAAGAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTC 
AGCTCCGTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAGCACCGCAAGGCTATCCTCTTGAAG 
AACTTAAAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAAAGAGCATGCA 
GATCAAATTATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATACCAAGATATTCCAGCAGATCGTAA 
TCGCTTTGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCAGCTCACATGA 
TTAATAGTGTAAGAAGACAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCACAAGAATTTGCAAGA 
TTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATpTGTCTACGGACAGCCAGGGGT 
ATCAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCGGAGCGTCAGGGCTCA 
TTCGAAATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGATGTGCATACTGTGAATGGTATTAAA 
CGTGGTATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTTACACGGAAATACATACGGCCATGC 
TATTAACTTTTTACGTGTAGATAAACATAACCCTAATGCGCCTGTTTACCTTGGATTTTCAACCAGCAATG 
TAGGATC TTTGAATGAAC ACTTTGTAATGTTTCC AGAGTCTAAC ATTGC TAACC ATCAAC GC TTTAATAAG 
ACCCCTATAAAAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGTATCTGATACTATTGC 
AGC GATC AAAGGAAAAGTAAGC TC ATTAGAAAATC GTTTGTC GGC TATTC ATC AAGAAGC TGATATTATGG 
CAGCCCAAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAAT 
CTCCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACA 
AGCAC AAC TCGAAGCTACTCGTGATC AATC ATTAGCTAAGC TAGC ATC GTTGAAAGCCGC AC TGC AC C AGA 
CAGAAGCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCATTTGCAATAT 
CTAAGGGACTTTAAATTGAATCCTAACCGCCTTCAAGTGATACGTGAGCGCATTGATAATACTAAGCAAGA 
TTTGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCCTTACAAGCTAAACAAAGCA 
GTCTAGAAGCTACTATTGCTACC AC AGAAC ACC AGTTGAC TTTGC TTAAAAC CTTAGC TAAC GAAAAGGAA 
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TATCGCCACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAA 
ACCGCTATCATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACGAAACAACTAT 
TAGAAGCTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCT 
GAAATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGACATC 
TTATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAcGtGCGGCCG 

CACTCGAGCACCACCACCACCACCAC 



SEQ ID NO: 30 amino acid sequence comprising HIS-40a CH 
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SEQ ID NO: 31 polynucleotide sequence comprising HIS~40a-RR NH 

ATGGGATCGCATCACCATCACCA'TCACGCTAGTAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAG 

AGC C TC AGGAGAAACGAAGGCGAGTAATAC TC ACGACGATAGTTTAC C AAAACC AGAAACAATTCAAGAGG 
CAAAGGCAACTATTGATGCAGTTGAAAAAACTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACC 
GCTCTGACAAAAACTACTGCTGAAATCAACCACTTAAAAGAGCAGCAAGATAATGAACAAAAAGCTTTAAC 
CTC TGC AC AAGAAATTTAC ACTAATACTC TTGCAAGTAGTGAGGAGACGC TATTAGC CC AAGGAGCC GAAC 
ATCAAAGAGAGTTAACAGCTACTGAAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACT 
GCATTGTCAGAACAAAAAGCTAGCATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAA 
AACGTCTGAACAAAATATTGCTAAGCTCAATGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTC 
AAACGGCTAATGATAATACAAAAGCATTAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAA 
AAAGCTAAAGTTAAAAAGCAATTGACTGAAGAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGC 
AGAACTTAGTCGTCTTAAATCCTCAGCTCCGTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAG 
CACCGCAAGGCTATCCTCTTGAAGAACTTAAAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTAC 
AATAATTATTACAAAGAGCATGCAGATCAAATTATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATA 
CCAAGATATTCC AGC AGATC GTAATC GC TTTGTTGATCC C GATAATTTGAC ACC AGAAGTGC AAAATGAGC 
TAGCGC AGTTTGC AGCTC AC ATGATTAATAGTGT Ac Gt cGt CAATTAGGTCTAC C AC C AGTTACTGTTAC A 
GCAGGATCACAAGAATTTGCAAGATTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATC 
ATTTGTCTACGGACAGCCAGGGGTATCAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAG 
ACTCTGCCGGAGCGTCAGGGCTCATTCGAAATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGAT 
GTGCATACTGTGAATGGTATTAAACGTGGTATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTT 
ACACGGAAATACATACGGCCATGCTATTAACTTTTTACGTGTAGATAAACATAACCCTAATGCGCCTGTTT 
ACCTTGGATTTTCAACCAGCAATGTAGGATCTTTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATT 
GCTAACCATCAACGCTTTAATAAGACCCCTATAAAAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGT 



12/38 



WO 2005/032582 



PCT/US2004/024868 



SEQUENCE LISTING 

AGGCACTGTATCTGATACTATTGCAGCGATCAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTA 

TTCATCAAGAAGCTGATATTATGGCAGCCCAAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACA 

CTTAAGCAGTCAGACAGCTTAAATCTCCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGA 

ATTACTAGC AGC TAAAGCAAAAC AAGCACAACTCGAAGCTACTCGTGATC AATC ATTAGCTAAGC TAGC AT 

CGTTGAAAGCCGCACTGCACCAGACAGAAGCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTG 

GCTAAAAAAGCTCATTTGCAATATCTAAGGGACTTTAAATTGAATCCTAACCGCCTTCAAGTGATACGTGA 

GCGCATTGATAATACTAAGCAAGATTTGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAG 

CAGCCTTACAAGCTAAACAAAGCAGTCTAGAAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTT 

AAAACCTTAGCTAACGAAAAGGAATATCGCCACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGT 

AGCTCCACCTCTTACGGGCGTAAAACCGCTATCATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAA 

TGGTTAAAGAAACGAAACAACTATTAGAAGCTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCA 

GAAGCGCTTGTTGGCCAAACCTCTGAAATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGAT 

TACTCAGCCCTCATCTAAGACATCTTATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTG 
ATGAAAGTACTCAAcGt 



SEQ ID NO: 32 amino acid sequence comprising HIS-40a-RR NH 
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SEQ ID NO: 33 polynucleotide sequence comprising 40N-HIS 

ATGC AAGTC AAAGC AGATGATAGAGCCTC AGGAGAAACGAAGGC GAGTAATAC TC AC GAC GATAGTTTAC C 
AAAAC C AGAAACAATTC AAGAGGC AAAGGCAAC TATTGATGC AGTTGAAAAAACTCTCAGTCAAC AA?^AAG 
CAGAACTGACAGAGCTTGCTACCGCTCTGACAAAAACTACTGCTGAAATCAACCACTTAAAA.GAGCAGCAA 
GATAATGAAC AAAAAGC TTTAAC CTCTGC AC AAGAAATTTAC ACTAATAC TCTTGC AAGTAGTGAGGAGAC 
GCTATTAGC CC AAGGAGC C GAAC ATCAAAGAGAGTTAAC AGC TACTGAAAC AGAGC TTC ATAATGCTC AAG 
CAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGCATTTCAGCAGAAACTACTCGAGCT 
CAAGATTTAGTGGAAC AAGTC AAAAC GTCTGAAC AAAATATTGCTAAGC TC AATGC TATGATTAGC AATCC 
TGATGCTATCACTAAAGCAGCTCAAACGGCTAATGATAATACAAAAGCATTAAGCTCAGAATTGGAGAAGG 
CTAAAGCTGACTTAGAA^TCAAAAAGCTAAAGTTAAAAAGCAATTGACTGAAGAGTTGGCAGCTCAGAAA 
GC TGC TCT AGC AGAAAAAGAGGC AGAAC TTAGTCGTCTTAAATCCTC AGC TC C GTC TAC TC AAGATAGC AT 
TGTGGGTAATAATACCATGAAAGCACCGCAAGGCTATCCTCTTGAAGAACTTAAAAAATTAGAAGCTAGTG 
GTTATATTGGATCAGCTAGTTACAATAATTATTACAAA.GAGCATGCAGATCAAATTATTGCCAAAGCTAGT 
C C AGGT AATC AATTAAATC AATAC C AAGCGGCCGCACTCGAGCACCACCACCACC ACCACCAC 
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SEQUENCE LISTING 

SEQ ID NO: 34 amino acid sequence comprising 40N-HIS 
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SEQ ID NO: 35 amino acid sequence comprising GAS 117 

MTLKKHYYLLSLLALVTVGAA FN^ 

GRHYS S YYYYNLRTVMGL SSEQDI EKHYEELKNKLHDMYNHY 

SEQ ID NO: 36 polynucleotide sequence encoding GAS 117 

ATGACACTAAAAAAACACTATTATCTTCTCAGCCTGCTAGCTCTTGTAACGGTTGGTGCTGCCTTTAACAC 
AAGCCAGAGTGTCAGTGCACAAGTTTATAGCAATGAAGGGTATCACCAGCATTTGACTGATGAAAAATCAC 
ACC TGC AATATAGTAAAGAC AAC GC AC AACTTC AATTGAGAAATATCCTTGACGGCTAC C AAAATGAC CTA 
GGGAGACACTACTCTAGCTATTATTACTACAACCTAAGAACCGTTATGGGACTATCAAGTGAGCAAGACAT 
TGAAAAACACTATGAAGAGCTTAAGAACAAGTTACATGATATGTACAATCATTATTAA 

SEQ ID NO: 37 amino acid sequence comprising GAS 117 leader sequence 

TLKKHYYLLSLLAIiVTVGA 

SEQ ID NO: 38 amino acid sequence comprising fragment of GAS 117 where leader sequence 
is removed 

AFNTSQSVSAQWSNEGYHQHIiTDEKSHLQYSKDNAQLQLRNILDGYQNDLGRHYSSYYYYNLRTVMGIiSS 
EQD I EKHYEELKNKLHDMYNHY 

SEQ ID NO: 39 amino acid sequence comprising GAS 130 

MSHMKKRPEVLSPAGTLEKLKVAIDYGADAVFVGGQAYGLRSRAGNFSMEELQEGIDYAHARGAKVWAAN 
MVTHEGNEIGAGEWFRQLRDMGLDAVIVSDPALI^ 

VL ARE VHMAELAE I RKRTDVE I E AF VHGAMC I SYS GRC VL SNHMSHRD ANRGGC S QSCRWKYDLYDMPFGG 

ERRSLKGEIPEDYSMSSVDMCMIDHIPDLIENGVDSLKIEGRMKSIHYVSTVTNCYKAAVGAYMESPEAFY 

AIKEEIilDELWKVAQRELATGFYYGIPTENEQLFGARRKIPQYKFVGEWAFDSASMTATIRQRNVIlMIEGD 

RIECYGPGFRHFETV\mDLHDADGQKIDRAPNPMELLTISLPREVKPGDMIRACKEGLVlSriiYQKDGTSKTV 
RT 

SEQ ID NO: 40 polynucleotide sequence encoding GAS 130 

ATGTCACATATGAAAAAACGTCCCGAGGTCTTATCACCTGCTGGAACACTTGAAAAATTAAAAGTTGCGAT 
TGACTATGGCGCAGATGCTGTTTTTGTTGGAGGGCAGGCCTATGGCCTAAGAAGCCGCGCTGGTAACTTCT 
CTATGGAAGAATTGCAAGAAGGCATTGATTATGCACATGCGCGTGGAGCTAAGGTCTATGTTGCTGCTAAC 
ATGGTTACCCACGAAGGGAACGAAATTGGTGCGGGCGAGTGGTTTCGTCAACTGCGTGATATGGGGCTTGA 
TGCGGTCATTGTTTCAGATCCAGCCTTGATTGTTATTTGTTCAACAGAAGCCCCAGGTTTGGAAATTCATT 
TGTCAACGCAAGCTTCATCTACCAATTACGAGACCTTTGAATTTTGGAAAGCCATGGGCTTGACCCGAGTT 
GTTTTAGCTCGCGAGGTTAATATGGCCGAGTTAGCAGAAATCCGCAAGCGGACAGATGTGGAAATTGAAGC 
CTTTGTCCATGGAGCCATGTGTATCTCTTATTCAGGCCGCTGTGTTTTGTCAAACCACATGAGTCACCGTG 
ATGCCAACAGGGGCGGCTGCTCACAGTCTTGCCGCTGGAAGTATGATTTGTATGACATGCCATTTGGAGGA 
GAGCGCCGCTCCTTAAAAGGGGAAATTCCAGAAGACTATTCTATGTCCTCTGTTGACATGTGTATGATTGA 
CCATATTCCTGACCTGATTGAAAATGGGGTTGATAGCTTAAAAATTGAAGGCCGAATGAAATCTATCCACT 
ACGTCTCAACCGTAACCAACTGTTACAAGGCGGCTGTAGGTGCTTACATGGAAAGCCCAGAAGCTTTTTAT 
GCTATCAAAGAGGAATTGATTGACGAGTTGTGGAAGGTTGCCCAGCGCGAGTTGGCTACAGGTTTTTACTA 
TGGT ATC C C AACTGAAAATGAAC AATTATTTGGTGCTC GC C GC AAAATTC C AC AATATAAATTTGTC GGAG 

AAGTAGTTGCCTTTGACTCAGCTAGCATGACAGCGACCATTCGTCAGCGTAATGTCATCATGGAAGGCGAT 
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CGGATTGAATGTTATGGACCAGGTTTCCGTCATTTTGAAACGGTTGTTAAGGACTTACATGATGCGGATGG 
CCAAAAGATTGACCGTGCCCCAAATCCAATGGAACTCTTAACCATCTCTTTACCGAGAGAAGTTAAGCCAG 
GGGATATGATTAGGGCTTGCAAGGAAGGTCTGGTTAACCTCTATCAAAAAGATGGCACCAGTAAAACTGTT 
AGAACATAG 

SEQ ID NO: 41 amino acid sequence comprising GAS 277 

MTTMQKTISLIiSLALLIGLLGTSGKAISVYA QDQHTDWIAESTISQVSVEASMRGTEPYIDATVTTDQPV 

RQPTQATITLKDASDNTINSWVYTM^ 

KARKTPTNMQQKDTSKAMTN^ 

S QKNGSNKTKMLVDKEEVKPTS KRGF PWVLLGL WSL AAGLF I AI QKVS RRK 

SEQ ID NO: 42 polynucleotide sequence encoding GAS 277 

ATGACAACTATGCAAAAAACAATTAGCTTATTATCACTAGCTTTACTTATTGGTTTGCTGGGGACTTCTGG 
CAAAGCCATATCTGTGTATGCACAAGATCAGCACACTGATAATGTTATAGCTGAATCAACTATTAGTCAGG 
TC AGTGTTGAAGCC AGTATGC GTGGAAC AGAAC CTTATATTGATGCTAC AGTCACC AC AGATCAAC C TGTC 
AGACAACCAACTCAGGCAACGATAACACTTAAAGACGCTAGTGATAATACTATTAATAGTTGGGTATATAC 
TATGGC AGC GC AAC AGCGTC GTTTTAC AGC TTGGTTTGATTTAACTGGAC AAAAGAGTGGTGAC TATC ATG 
TAACTGTCACCGTTCATACTCAAGAAAAGGCAGTAACTGGTCAATCAGGAACTGTTCATTTTGATCAAAAC 
AAAGCTAGAAAAAC AC C AACTAATATGC AAC AAAAGGATACTTCTAAAGC AATGAC GAATTC AGTCGATGT 
AGACACAAAAGCTCAAAC AAATC AATCAGCTAACCAAGAAATAGATTC TAC TTC AAATC CTTTC AGATC AG 
C TACTAATC ATCGATCAAC TTCC TTAAAGC GATCTACTAAAAATGAGAAACTTAC AC CAACTGCTAGTAAT 
AGCCAAAAAAACGGTAGCAACAAGACAAAAATGCTAGTGGACAAAGAGGAAGTAAAACCTACTTCAAAAAG 
AGGATTCCCTTGGGTCTTATTAGGTCTAGTAGTCAGTTTAGCTGCAGGTTTATTTATAGCTATTCAAAAAG 
TATC TAGACGAAAATAA 

SEQ ID NO: 43 amino acid sequence comprising N-terminal leader sequence of GAS 277 

TTMQKT I SLL SL ALL I GLLGT S GKAI SVYA 

SEQ ID NO: 44 amino acid sequence comprising fragment of GAS 277 where N-terminal leader 
sequence is removed 

QDQHTDWIAESTISQVSVEASMRGTEPYIDATVTTDQPVRQPTQATITLKDASDNTINSWVYTMAAQQRR 

FTAWFDLTGQKSGDYHVTVTVHTQEKAVTGQSG 

QSANQEIDSTSNPFRSATNHRSTSLKRSTKNEK^ 

GLWSLAAGLF I AI QKVSRRK 

SEQ ID NO: 45 amino acid sequence comprising GAS 236 

MTQMN YTGKVKRVAI JAHGKYQSKRVASKLFSVFKDDPDFYLSKKNPDIVI S IGGDGMLLSAFHMYEKELD 
KVRFVGIHTGHLGFYTDYRDFEVDKLIDNLRKDKGEQXSYPILKVAITLDDGRWKARALNEATVKRIEKT 
MVADVIINHVKFESFRGDGISVSTPTGSTAYNKSLGGAVLHPTIEALQLTEISSLNN 
KDKIELVPKRLGIYTISIDNKTYQLKNVTKVEYFIDDEKIHFVSSPSHTSFWERVKDAFIGEIDS 

SEQ ID NO: 46 polynucleotide sequence encoding GAS 236 

ATGACACAGAT GAATTATACAGGTAAGGTAAAACGAGTTGCTATTATTGCAAATGGTAAGTACCAAAGTAA 
ACGCGTCGCCTCCAAACTTTTCTCCGTATTTAAAGATGATCCTGATTTCTATCTTTCAAAGAAAAATCCGG 
ATATTGTGATTTCTATTGGCGGAGATGGGATGCTCTTATCTGCCTTTCACATGTATGAAAAAGAATTAGAT 
AAGGTAC GTTTTGTAGGAATCC AC ACCGGTC ATCTTGGCTTTTATAC C GATTATAGGGATTTTGAAGTTGA 
TAAATTAATTGATAATTTAAGAAAAGAC AAGGGAGAACAAATC TC TTATCCGATTTTAAAAGTTGCT ATTA 
CTTTAGATGATGGTCGTGTGGTTAAAGCGCGTGCTTTGAATGAAGCGACGGTTAAGCGTATTGAAAAAACG 
ATGGTAGCAGATGTTATTATTAACCATGTCAAATTTGAAAGCTTCCGAGGTGATGGGATTTCAGTATCGAC 
CCCGACAGGGAGCACAGCCTACAATAAATCTTTAGGTGGTGCTGTCTTGCATCCGACGATTGAAGCGCTGC 
AATTGACGGAAATTTCCAGTCTTAATAACCGTGTCTTTAGAACCTTGGGCTCATCAATCATTATTCCCAAA 
AAAGATAAGATTGAGTTAGTGCCAAAACGATTAGGAATTTATACCATTTCCATTGATAATAAAACCTATCA 
GTTAAAAAATGTGACGAAGGTGGAGTATTTTATCGAC GATGAGAAAATTC ATTTTGTTTCC TCTC C GAGTC 
ATACGAGC TTTTGGGAAAGGGTC AAGGATGCC TTTATTGGAGAGATTGAC TC ATGA 
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SEQ ID NO: 47 amino acid sequence comprising N-terminus leader sequence of GAS 236 

MTQM 

SEQ ID NO: 48 amino acid sequence comprising a fragment of GAS 236 where the N-terminal 
leader sequence is removed 

NYTGKVKRVAI I ANGKYQ SKRVAS KLF S VF KDDPDF YL S KKNPD I VI S I GGDGMLLi S AFHMYEKELDKVRF 
VG IHTGHLGF YTDYRDFEVDKL I DNLRKDKGEQ I S YP ILKVAI TLDD'GRVVKARALNEATVKRI EKTMVAD 
VIINHVKFESFRGDGISVSTPTGSTAYNKSLGGAVLHPTIE^ 

ELVPKRLGIYTISIDNKTYQLKNVTKVEYFIDDEKIHFVSSPSHTSFWERVKDAFIGEIDS 

SEQ ID NO: 49 amino acid sequence comprising GAS 389 

MRNEMAKIMIWTGEEVIALA 

AVTVACGFIiHDWEDTDITLDEIEADFGHDARDIVDGVTKLGEVEYKSHEEQLAENHRKMLMAMSKDIRVX 
LVKLADRLHNMRTLKHLRKDKQERI SRETME I YAPLAHRLGI SRIKWELEDLAFRYLNETEFYKI SHMMKE 
KRREREALVEAIVSKVKTYTTQQGLFGDVYGRPKHIYSIYRKMRDKKKRFDQIFDLIAIRCVMETQSDVYA. 
WGYIHELWRPMPGRFKDYIAAPKANGYQS IHTTVYGPKGPIEIQI RTKDMHQVAEYGVAAHWAYKKGVRG 
KVNQAEQAVGMNWIKELVELQDASNGDAVDFVDSVKEDIFSERIYVFTPTGAVQELPKESGPIDFAYAIHT 
Q I GEKATGAKVNGRMVPLT AKLKTGDVVE 1 1 TNAN S FGP S RJDWVKLVKT1STKARNKI RQFFKNQDKELS VNK 
GRDLLVS YFQEQGYVANKYLDKKRI EAILPKVSVKSEESLYAAVGFGDI S PI S VFNKLTEKERREEERAKA 
KAEAEELWGGEWHENKDVLKVRSENGVIIQGASGLLMRIAKCCNPVPGDPIDGYITKGRGIAIHRSDCH 
NIKSQDGYQERLIEVEWDLDNSSKDYQAEIDIYGL]^ 
HVS FGI PNLTHLTTWEKI KAVPDVYS VKRTNG 

SEQ ID NO: 50 polynucleotide sequence encoding GAS 389 

ATGAGGAAC GAAATGGC AAAAATAATGAACGTAAC AGGAGAAGAAGTC ATTGCCTTAGCGGCCACC TATAT 
GACCAAGGGTGATGTGGCTTTTGTGGCAAAGGCTTTAGCATATGCAACAGCGGCCCATTTCTACCAAGTGA 
GAAAGTCAGGCGAACCCTATATCGTCCATCCGATTCAGGTGGCGGGGATTCTGGCTGATTTGCATCTGGAT 
GCTGTGAC AGTTGCTTGTGGCTTTTTAC ATGATGTC GTAGAAGATACGGATATTAC C TTAGATGAGATC GA 
AGCAGACTTTGGCCATGATGCTCGTGATATCGTTGATGGTGTCACCAAGTTAGGTGAAGTTGAGTACAAAT 
CTCATGAGGAGCAACTCGCCGAAAACCATCGCAAAATGCTGATGGCTATGTCCAAAGATATTCGCGTGATT 
TTGGTGAAATTGGCTGACCGCCTGCATAATATGCGCACCCTCAAACATTTGCGCAAGGACAAACAAGAGCG 
CATTTCGCGCGAAACCATGGAAATCTATGCCCCCTTGGCGCATCGTTTGGGGATTAGTCGCATCAAATGGG 
AACTAGAAGATTTGGCTTTTCGTTACCTCAATGAAACCGAATTTTACAAAATTTCCCATATGATGAAAGAA 
AAACGTCGCGAGCGTGAAGCTTTGGTAGAGGCTATTGTCAGTAAGGTCAAAACCTATACGACACAACAAGG 
GTTGTTTGGAGATGTGT ATGGC CGACC AAAAC AC ATTTATTC GATTTATC GGAAAATGCGGGAC AAAAAGA 
AACGATTCGATCAGATTTTTGATCTGATTGCCATTCGTTGTGTCATGGAAACGCAAAGCGATGTCTATGCT 
ATGGTTGGCTATATTCATGAGCTTTGGCGTCCCATGCCAGGCCGCTTCAAGGATTATATTGCAGCTCCTAA 
AGC TAATGGCTACC AGTC TATTC ATACC ACC GTGTATGGGCC AAAAGGACC TATTGAGATTCAAATC AGAA 
CTAAGGACATGCATCAAGTGGCTGAGTACGGGGTTGCTGCTCACTGGGCTTATAAAAAAGGCGTGCGTGGT 
AAGGTCAATCAAGCTGAGCAAGCCGTTGGCATGAACTGGATCAAAGAGCTGGTAGAATTGCAAGATGCCTC 
AAATGGCGATGCAGTGGACTTTGTGGATTCGGTCAAAGAAGACATTTTTTCTGAACGGATTTATGTCTTTA 
CACCGACAGGGGCCGTTCAGGAGTTACCAAAAGAATCAGGTCCTATTGATTTTGCTTATGCGATCCATACG 
CAAATCGGTGAAAAAGCAACAGGTGCCAAAGTCAATGGACGTATGGTTCCTCTCACTGCCAAGTTAAAAAC 
AGGAGATGTGGTTGAAATCATCACCAATGCCAATTCCTTTGGCCCTAGTCGAGACTGGGTAAAACTGGTCA 
AAACCAATAAGGCTC GCAACAAAATTCGTC AGTTC TTTAAAAATCAAGAC AAGGAATTGTC AGTGAATAAA 
GGCCGTGATTTGTTGGTGTCTTATTTTCAAGAGCAGGGCTACGTTGCCAATAAATACCTTGACAAAAAACG 
CATTGAAGCCATCCTTCCAAAAGTCAGTGTGAAGAGCGAAGAATCACTCTATGCAGCCGTTGGGTTTGGTG 
AC ATTAGTC C TATC AGTGTC TTTAACAAGTT AAC CGAAAAAGAGCGCC GTGAAGAAGAAAGGGC C AAGGC T 
AAAGC AGAAGC TGAAGAATTGGTTAAGGGC GGTGAGGTC AAAC AC GAAAAC AAAGATGTGC TC AAGGTTC G 
CAGTGAAAATGGAGTCATTATCCAAGGAGCATCAGGCCTCTTGATGCGGATTGCCAAGTGTTGTAATCCTG 
TACCTGGTGATCCTATTGACGGCTACATTACCAAAGGGCGTGGCATTGCGATTCACAGATCGGACTGTCAT 
AAC ATTAAGAGTC AAGATGGCTAC C AAGAAC GC TTGATTGAGGTCGAGTGGGATTTGGAC AATTC GAGTAA 
AGATTATCAGGCTGAAATTGATATCTATGGGCTCAATCGTAGTGGTCTGCTTAATGATGTGCTCCAAATTT 
TATC AAACTC AACC AAGAGC ATATC GAC AGTC AATGCTC AGC CGAC C AAGGAC ATGAAGTTTGC TAATATT 
C AC GT GAGC TTTGGC ATT C C AAATC TGAC GC ATC TGAC C AC TGTTGTCGAAAAAATC AAGGC AGTTC C AG A 
TGTTTATAGCGTGAAGCGGACCAATGGCTAA 
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SEQ ID NO: 51 amino acid sequence comprising GAS 504 

MKTRITELLNIDYPIFQGGMAWVADGDLAGAVSNAGGLGIIGGGNAPKEVVKANIDRVKAITDRPFGVNIM 
LLS PFADD I VDLVI EEGVKVVTTGAGNPGKYMERLHQAGI IWPWP S VALAKRMEKLGVDAVI AEGMEAG 
GH I GKLTTMSLVRQWE AVS I PVI AAGGI ADGHGAAAAFMLGAEAVQ I GTRFVVAKE SNAHQNFKDKI LAA 
KDIDTVI SAQWGHPVRS I KNKLTS AYAKAEKAFL I GQKTATDI EEMGAGSIjRHAVI EGDVVNGS VMAGQI 
AGLVRKEE S C ETILKDI YYGAARVI QNEAKRWQ S VS I EK 

SEQ ID NO: 52 polynucleotide sequence encoding GAS 504 

ATGAAAACACGTATTACAGAATTACTTAATATTGATTACCCCATTTTTCAAGGAGGAATGGCTTGGGTTGC 
TGATGGTGATTTAGCAGGTGCAGTTTCTAATGCTGGTGGTTTAGGCATTATAGGTGGTGGCAATGCTCCCA 
AAGAAGTCGTTAAAGCTAATATTGATCGTGTCAAAGCTATTACTGATAGACCTTTTGGGGTTAATATCATG 
CTTTTATCTCCTTTTGCTGATGATATCGTTGATCTGGTCATTGAAGAAGGTGTTAAAGTAGTAACAACAGG 
CGCAGGAAATCCAGGAAAGTATATGGAAAGACTGCACCAGGCGGGTATAATCGTTGTTCCTGTTGTCCCAA 
GCGTTGCGCTAGCCAAACGTATGGAAAAGCTTGGGGTAGATGCTGTTATTGCTGAGGGTATGGAAGCTGGA 
GGACATATTGGCAAGTTAACGACTATGTCTTTAGTAAGACAAGTTGTTGAAGCGGTTTCGATTCCTGTCAT 
TGCGGCAGGTGGTATAGCTGATGGTCATGGTGCAGCAGCAGCATTTATGTTAGGAGCAGAGGCTGTTCAAA 
TTGGAACTCGCTTTGTTGTTGCTAAAGAATCCAATGCTCACCAAAATTTTAAAGATAAAATCTTAGCAGCA 
AAAGATATTGATACGGTGATTTCTGCGCAGGTTGTGGGCCACCCTGTCCGTTCTATTAAAAATAAATTGAC 
CTCAGCTTACGCTAAAGCAGAAAAAGCATTTTTAATTGGTCAAAAAACAGCTACTGATATTGAAGAAATGG 
GAGCAGGATCGCTTC GAC ACGC TGTTATTGAAGGC GATGTAGTCAATGGATCTGTTATGGCTGGCC AAATT 
GCAGGGCTTGTGAGAAAAGAAGAAAGCTGTGAAACGATTTTAAAAGATATTTATTATGGTGCAGCTCGTGT 

TATTCAAAATGAAGCTAAGCGC TGGCAATC TGTTTC AATAGAAAAGTAG 

SEQ ID NO: 53 amino acid sequence comprising GAS 509 

MTKI YKTI TELVGQT P 1 1 KLNRL I PNEAADVYVKLEAFNPGS SVKDRI AL SMI EAAEAEGL I S PGDVI IE 
PTS GNTGI GLAWVGAAKGYRVI I VMP ETMSLERRQ 1 1 QAYGAELVLT P GAEGMKGAI AKAETL AI ELGAW 
MPMQFNNPANPSIHEKTTAQEILEAFKEISLDAFVSGVGTGGTLSGVSHVLKKANPETVIYAVEAEESAV 
T .fircpEPCSPHKIOGI SAGFI PNTLDTKAYDOI IRVKSKDAIiETARLTGAKE GFLVGI SSGAALYAAIEVAK 
QLGKGKHVLTILPDNGERYLSTELYDVPVIKTK 

SEQ ID NO: 54 polynucleotide sequence encoding GAS 509 

ATGACTAAAATTTACAAAACTATAACAGAATTAGTAGGTCAAACACCTATTATCAAACTTAACCGTTTAA 

TTCC AAAC GAAGCTGC TGAC GTTTATGTAAAATTAGAAGCTTTTAACC C AGGATCTTC TGTTAAAGATC G 
TATTGCTTTATCGATGATTGAAGCTGCTGAAGCTGAAGGTCTGATAAGTCCTGGTGACGTTATTATCGAA 
CCAACAAGTGGTAATACAGGTATTGGTCTTGCATGGGTAGGTGCTGCTAAAGGGTATCGAGTCATTATTG 
TTATGCCCGAAACTATGAGCTTGGAAAGACGGCAAATCATTCAGGCTTATGGTGCAGAGCTTGTCTTAAC 
ACCTGGAGCAGAAGGTATGAAAGGGGCTATTGCAAAAGCTGAAACTTTAGCAATAGAACTAGGTGCTTGG 
ATGCCTATGCAATTTAATAACCCTGCCAATGCAAGCATCCATGAAAAAACAACAGCTCAAGAAATTTTGG 
AAGCTTTTAAGGAGATTTCTTTAGATGCATTCGTATCTGGTGTTGGTACTGGAGGAACACTTTCTGGTGT 
TTCACATGTCTTGAAAAAAGCTAACCCTGAAACTGTTATCTATGGTGTTGAAGCTGAAGAATCTGCTGTC 
TTATCTGGTC AAGAGC CTGGACC ACATAAAATTCAAGGTATATC AGCTGGATTT ATC C C AAAC AC GTTAG 
ATACCAAAGCCTATGACCAAATTATCCGTGTTAAATCGAAAGATGCTTTAGAAACTGCTCGACTAACAGG 
AGC TAAGGAAGGC TTCCTGGTTGGGATTTCTTCTGGAGCTGCTCTTTACGCCGCTATTGAAGTCGCTAAA 
CAGTTAGGAAAAGGCAAACATGTGTTAACTATTTTACCAGATAATGGCGAACGCTATTTATCGACTGAAC 
TCTATGATGTACCAGTAATTAAGACGAAATAA 

SEQ ID NO: 55 amino acid sequence comprising C-terminus transmembrane region of GAS 
509 

FLVG I S S GAAL YAAI E VAKQLGKGKHVLT I L PDNGERYLS TELYDVPVI KTK 

SEQ ID NO: 56 amino acid sequencing comprising a fragment of GAS 509 where the C- 
terminal transmembrane region is removed 

MTKIYKTITELVGQTPIIKLNRLIPNEAADVYVKLEAFNPGSSVKDRIALSMIEAAEAEGLISPGDVIIEP 
TSGNTGI GLAWVGAAKGYRVI IVMPETMSIiERRQI I QAYGAELVLTPGAEGMKGAIAKAETLAI ELGAWMP 



17/38 



WO 2005/032582 



PCT/US2004/024868 



SEQUENCE LISTING 

MQFNNPANPSIHEKTTAQEILEAFKEISLDAFVSGV^ 
QEPGPHKIQGISAGFIPNTLiDTKAYDQIIRVKSKDAIiETARLTGAKEG 

SEQ ID NO: 57 amino acid sequence comprising GAS 366 

MKVI SNFQNKKILILGLAKSGEAAAK LLTKXjG 

NFEYMVKNPGI P YDNPMVKRALAKEI P ILTEVELAYFVSE AP 1 1 GI TGSNGKTTTTTMI ADVLNAGGQSAL 

L S G3KTI GYP AS KWQKAI AGDTLVMEL S S FQLVGVNAFRPHI AVI TNLMPTHIjDYHGS FEDYVAAKWMI QAQ 

MTESDYLILNANQEI SATLAKTTKATVIPFSTQKWDGAYLKDGII.YFKEQAI I AATDLGVPGSHNIENALi 

ATIAVAKLSGIADDIIAQCLSHFGGVKHRLQRVGQ 

LDRGNEFDDLiVPDLLGLKQMIILGESAERMK^ 

SWDMYPNFEVRGDEFLATFDCLRGDA 

SEQ ID NO: 58 polynucleotide sequence encoding GAS 366 

ATGAAAGTGATAAGTAATTTTCAAAACAAAAAAATATTAATATTGGGGTTAGCCAAATCGGGCGAAGCAGC 
AGCAAAATTATTGAC C AAAC TTGGTGCTTTAGTGACTGTTAATGATAGTAAACC ATTTGAC C AAAATCCAG 
CGGCACAAGCCTTGTTGGAAGAGGGGATTAAGGTCATTTGTGGTAGCCACCCAGTAGAATTATTAGATGAG 
AACTTTGAGTACATGGTTAAAAACCCTGGGATTCCTTATGATAATCCTATGGTTAAACGCGCCCTTGCAAA 
GGAAATTCCCATCTTGACTGAAGTAGAATTGGCTTATTTCGTATCTGAAGCGCCTATTATCGGGATTACAG 
GATCAAACGGGAAGACAACCACAACGACAATGATTGCCGATGTTTTGAATGCTGGCGGGCAATCTGCACTC 
TTATCTGGAAACATTGGTTATCCTGCTTCAAAAGTTGTTCAAAAAGCAATTGCTGGTGATACTTTGGTGAT 
GGAATTGTCCTCTTTTCAATTAGTGGGAGTGAATGCTTTTCGCCCTCATATTGCTGTCATCACTAATTTAA 
TGCCGACTCACCTGGACTATCATGGCAGTTTTGAGGATTATGTTGCTGCTAAATGGATGATTCAAGCTCAG 
ATGAC AGAATCAGAC TACCTTATTTTAAATGCTAATC AAGAGATTTC AGC AAC TCTAGC TAAGAC CACCAA 
AGCAACAGTGATTCCTTTTTCAACTCAAAAAGTGGTTGATGGAGCTTATCTGAAGGATGGAATACTCTATT 
TTAAAGAACAGGCGATTATAGCTGCAACTGACTTAGGTGTCCCAGGTAGCCACAACATTGAAAATGCCCTA 
GCAACTATTGCAGTTGCCAAGTTATCTGGTATTGCTGATGATATTATTGCCCAGTGCCTTTCACATTTTGG 
AGGCGTTAAACATCGTTTGCAACGGGTTGGTCAAATCAAAGATATTACCTTCTACAATGACAGTAAGTCAA 
CCAATATTTTAGCCACTCAAAAAGCTTTATCAGGTTTTGATAACAGTCGCTTGATTTTGATTGCTGGCGGT 
CTAGATC GTGGC AATGAATTTGAC GATTTGGTGCC AGACCTTTTAGGAC TTAAGC AGATGATTATTTTGGG 
AGAATCCGC AGAGC GTATGAAGC GAGCTGC TAACAAAGC AGAGGTC TC TTATC TTGAAGCTAGAAATGTGG 
CAGAAGC AAC AGAGCTTGCTTTTAAGCTGGCCC AAAC AGGC GAT ACTATCTTGCTTAGCCCAGCCAATGCT 
AGCTGGGATATGTATCCTAATTTTGAGGTTCGTGGGGATGAATTTTTGGCAACCTTTGATTGTTTAAGAGG 
AGATGCCTAA 

SEQ ID NO: 59 amino acid sequence comprising N-terminal leader sequence of GAS 366 

MKVI SNFQNKK I L I LGL AK S GE AAA 

SEQ ID NO: 60 amino acid sequence comprising a fragment of GAS 366 where the N-terminal 
leader sequence is removed 

KLLTKLGALVTVNDSKPFDQNPAAQAL^ 

I P IIjTEVEIiAYFVSEAP I IGITGSNGKTTTTTMI ADVXiNAGGQ SALL SGNIGYPASKWQKAI AGDTLVME 
L S S F QLVGVNAFRPHI AVI TNLMPTHLDYHGS FEDYVAAKWMI QAQMTE S DYL I LNANQE I S ATLAKTTKA 
TVIPFSTQKWDGAYIiKDGILYFKEQAIIAATDLGVPGSHNIENALATIAVAKLSGIADDIIAQCIiSHFGG 
VKHRLQRVGQIKDITFYNDSKSTNILATQKALSGFDNSRLILIAGGLDRGNEFDDIjVPDIjLGIiKQMIILGE 
SAERMKRAANKAEVSYLEARWAEATELAFKLAQTGDTILLSPANASWDMYPNFEVRGDEFLATFDCLRGD 
A 

SEQ ID NO: 61 amino acid sequence comprising GAS 159 

MRKLYSFLAGVLGVIVIIjTSIjSFIIiQKKSGSGSQSDKIiVIYNWGDYIDPALLKKFTKETGIEVQYETFDgN 
EAMYTKIKQGGTTYDIAVPSDYTIDKMIKENLLNKLDKSKLVGMDNIGKEFIiGKSFDPQNDYSLPYFWGTV 
GIVYNDQLVDKAPMHWEDLV^ 

KAIVADEMKGYMIQGPAAIGITFSGEASEMLDSNEHLHYIV^^ 

INRPENAAQHAAYI GYAT PNKKAKAIjL PDE I KND P AF YPTDD 1 1 KKLEVTDNLGS RWL.GI YNDL YLQFKMY 
RK 
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SEQ ID NO: 62 polynucleotide sequence encoding GAS 159 

ATGCGTAAACTTTATTCCTTTCTAGCAGGAGTTTTGGGTGTTATTGTTATTTTAACAAGTCTTTCTTTCAT 
CTTGCAGAAAAAATCGGGTTCTGGTAGTCAATCGGATAAATTAGTTATTTATAACTGGGGAGATTACATTG 
ATCCAGCTTTGCTCAAAAAATTCACCAAAGAAACGGGCATTGAAGTGCAGTATGAAACTTTCGATTCCAAT 
GAAGC C ATGTAC AC TAAAATCAAGC AGGGCGGAACC AC TTACGAC ATTGCTGTTC CTAGTGATTAC AC CAT 
TGATAAAATGATCAAAGAAAACCTACTCAATAAGCTTGATAAGTCAAAATTAGTTGGCATGGATAATATCG 
GGAAAGAATTTTTAGGGAAAAGCTTTGACCCACAAAACGACTATTCTTTGCCTTATTTCTGGGGAACCGTT 
GGGATTGTTTATAATGATCAATTAGTTGATAAGGCGCCTATGCACTGGGAAGATCTGTGGCGTCCAGAATA 
TAAAAATAGTATTATGCTGATTGATGGAGCGCGTGAAATGCTAGGGGTTGGTTTAACAACTTTTGGTTATA 
GTGTGAATTCTAAAAATCTAGAGCAGTTGCAGGCAGCCGAGAGAAAACTGCAGCAGTTGACGCCGAATGTT 
AAAGCCATTGTAGCAGATGAGATGAAAGGCTACATGATTCAAGGTGACGCTGCTATTGGAATTACCTTTTC 
TGGTGAAGCCAGTGAGATGTTAGATAGTAACGAACACCTTCACTACATCGTGCCTTCAGAAGGGTCTAACC 
TTTGGTTTGATAATTTGGTACTAC C AAAAAC C ATGAAACAC GAAAAAGAAGCTTATGCTTTTTTGAACTTT 
ATCAATCGTCCTGAAAATGCTGCGCAAAATGCTGCATATATTGGTTATGCGACACCAAATAAAAAAGCCAA 
GGCCTTACTTCCAGATGAGATAAAAAATGATCCTGCTTTTTATCCAACAGATGACATTATCAAAAAATTGG 
AAGTTTATGACAATTTAGGGTCAAG ATGGTTGGGGATTTATAATGATTTATACCTCCAATTTAA?^ATGTAT 
CGCAAATAA 

SEQ ID NO: 63 amino acid sequence comprising N-terminal leader sequence of GAS 159 

MRKLYSFLAGVLGVIVILTSLSFI 

SEQ ID NO: 64 amino acid sequence comprising a fragment of GAS 159 where the N-terminal 
leader sequence is removed 

LQKKSGSGSQSDKLVIYNWGDYIDPAIiLKKFTKETGIEVQYETFDSNEAI4YTKIKQGGTTYDIAVPSDyTI 
KNSIMLIDGAREMLGVGLTTFGYSV 

GE AS EMIjD SNEHLHYI VP SEGSNLWFDNLVL PKTMKHEKEAYAFLNF INRPENAAQNAAY I GYAT PNKKAK 
ADLPDEIKISnDPAFYPTDDIIKKLEVYDNLGSRWLGIYNDI/YIjQFKMYR 

SEQ ID NO: 65 amino acid sequence comprising C-terminal hydrophobic sequence of GAS 159 

WLGIYNDIiYLQFKMYRK 

SEQ ID NO: 66 amino acid sequence comprising a fragment of GAS 159 where the C-terminal 
hydrophobic region is removed 

MRKLYSFDAGVLGVIVILTSLSFILQKKSGSGSQSDKLVIYNWGDYIDPALLKKFTKETGIEVQYETFDSN 

EAMYTKIKQGGTTYDXAVPSDYTIDKMIKER^ 

GIVYNDQ1WDKAPMHWEDLWRPEYKNSI 

KAIVADEMKGYMIQGDAAIGITFSGEASEMLDSNEHLHYIVPSEGSNLWFDNLVLPKTMKHEKEA 
INRPENAAQNAAY I GYAT PNKKAKALLPDE I KND PAF YPTDD 1 1 KKLEVYDNLGS R 

SEQ ID NO: 67 amino acid sequence comprising a fragment of GAS 159 where the N-terminal 
leader sequence and the C-terminal hydrophobic region is removed 

LQKKSGSGSQSDKLVIYlSntfGDYIDPA^ 
DKMIKENLLNKLDKSKLVGMD^ 

KNSlMLIDGAREMLGVGLTTFGYSWSKNLEQLQAAERKLQQIiTPWKAIVADE 

GE AS EMLD SNEHLH YI VP S EGSNLWFDNLVL PKTMKHEKEAYAFIiNF I NRPENAAQNAAY I GYAT PNKKAK 
ALL PDEIKNDPAFYPTDD I IKKLEVYDNLGSR 

SEQ ID NO: 68 amino acid sequence comprising GAS 217 

l^QRIIVITGASGGLAQAIVKQLPKEDSLILLGRNKERLEHCYQHIDNKECLELDITNPVAIEKMVAQIYQ 
RYGRIDVLINNAGYGAFKGFEEFSAQEIADMFQWTLASIHFACLIGQKMAEQGQGHLINIVSMAGLIASA 
KS S I YS ATKFALIGF SNALRLELADKGVYVTTWPGP I ATKF FDQAD P SGHYLE S VGKFTLQ PNQVAKRLV 
S 1 1 GKNKRELNLPFSLAVTHQFYTLFPKLSDYLARKVFNYK 

SEQ ID NO: 69 polynucleotide sequence encoding GAS 217 
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ATGGCACAAAGAATCATTGTTATCACGGGAGCTTCTGGAGGACTGGCTCAGGCAATTGTTAAGCAGTTACC 
CAAGGAAGACAGCTTGATTTTATTAGGACGTAACAAAGAACGCCTAGAACACTGTTATCAGCATATTGACA 
ACAAAGAATGCCTCGAGTTGGATATTACCAATCCAGTAGCCATTGAGAAAATGGTCGCCCAGATTTACCAG 
CGCTATGGCCGTATTGATGTCTTGATTAATAATGCTGGCTACGGAGCTTTCAAAGGCTTTGAAGAGTTTTC 
TGCCCAAGAAATAGCTGATATGTTTCAGGTTAACACCCTAGCGAGCATTCACTTTGCTTGCTTGATTGGTC 
AGAAAATGGCAGAGCAGGGGCAAGGTCACCTTATTAATATTGTGTCCATGGCAGGCTTGATTGCGTCAGCC 
AAATCGAGCATTTATTCAGCCACCAAGTTTGCCCTTATCGGATTTTCCAATGCCCTTCGCTTAGAATTAGC 
GGATAAAGGGGTTTACGTGACCACCGTGAATCCAGGTCCCATTGCCACCAAGTTTTTTGACCAAGCTGACC 
CGTCTGGACATTATTTGGAAAGCGTTGGTAAATTTACTCTCCAACCAAATCAAGTGGCTAAGCGTTTGGTT 
TCTATTATCGGGAAAAATA2^ACGAGAATTGAATTTGCCCTTTAGTTTAGCGGTGACCCATCAATTTTACAC 
CCTTTTCCCTAAATTATCTGATTATCTTGCAAGAAAGGTATTTAATTATAAATGA 

SEQ ID NO: 70 amino acid sequence comprising GAS 309 

MIEKYLESSIESKCQLIVLFFKTSYLPITK^ 
HPFKETYLYQLYASSNVLQLLAFLIKNGSHSRPL^ 

VGEEYRI RYL I ALL Y S KFG I KYYDLiTQQDKNT IHS FL SUSS THLKT S PWL S E S F S F YD ILLAIj S WKRHQF S 
VTIPQTRIFQQLKKLFWDSLKKSSHDIIETYCQLNFSAGDLDYLYLIYITANNSFASLQWTPEHIRQYCQ 

LFEENDTFRLLLNPIITLLPNLKEQKASLV^ 

IVEEVraAKLPGKRDLNHKHFHLFCHWEQSLRNIQPPLVWFVASNFINAHIiLTDSFPRYFSDKSIDFHSY 
YLLQDNVYQIPDLKPDLVITHSQL^ 

SEQ ID NO: 71 polynucleotide sequence encoding GAS 309 

TTGATAGAAAAATACTTGGAATCATCAATCGAATCAAAATGTCAGTTAATTGTCTTGTTTTTTAAGACATC 
TTATTTGC C AATAACTGAGGTAGC AGAAAAAACTGGC TTAAC CTTTTTACAACTAAAC C ATT ATTGTGAGG 
AACTGAATGCCTTTTTCCCTGGTAGTCTGTCTATGACCATCCAAAAAAGGATGATATCTTGCCAATTTACA 
CATCCTTTTAAAGAAACTTATCTTTACCAACTCTATGCATCATCTAATGTGTTACAATTACTAGCCTTTTT 
AATAAAAAATGGTTCCCACTCTCGTCCCCTTACGGATTTTGCAAGAAGTCATTTTTTATCAAACTCCTCAG 
C TTATC GGATGCGCGAAGC ATTGATTC C TTTATTAAGAAACTTTGAATTAAAAC TCTCTAAGAAC AAGATT 
GTC GGTGAGGAATATCGCATCC GTTAC CTC ATC GCTC TGCTATATAGTAAGTTTGGC ATTAAAGTTTATGA 
C TTGAC GC AGC AAGAC AAAAAC ACTATTC ATAGCTTTTTATCC C ATAGTTC C AC CCAC CTTAAAACCTCTC 
CTTGGTTATCGGAATCGTTTTCTTTCTATGACATTTTATTAGCTTTATCGTGGAAGCGGCATCAATTTTCG 
GTAACTATTCCCCAAACCAGAATTTTTCAACAATTAAAAAAACTTTTTGTCTACGATTCTTTGAAAAAAAG 
TAGCCATGATATTATCGAAACTTACTGCCAACTAAACTTTTCAGCAGGAGATTTGGACTACCTCTATTTAA 
TTTATATCACCGCTAATAATTCTTTTGCGAGCTTACAATGGACACCTGAGCATATCAGACAATATTGTCAA 
CTTTTTGAAGAAAATGATACTTTTCGCCTGCTTTTAAATCCTATCATCACTCTTTTACCTAACCTAAAAGA 
GCAAAAGGCTAGTTTAGTAAAAGCTCTTATGTTTTTTTCAAAATCATTCTTGTTTAATCTGCAACATTTTA 
TTCCTGAGACCAACTTATTCGTTTCTCCGTACTATAAAGGAAACCAAAAACTCTATACGTCCTTAAAGTTA 
ATTGTCGAAGAGTGGATGGCCAAACTTCCTGGTAAGCGTGACTTGAACCATAAGCATTTTCATCTTTTTTG 
CCACTATGTCGAGCAAAGTCTAAGAAATATCCAACCTCCTTTAGTTGTTGTTTTCGTAGCCAGTAATTTTA 
TCAATGCTCATCTCCTAACGGATTCTTTTCCAAGGTATTTCTCGGATAAAAGCATTGATTTTCATTCCTAT 
TATCTATTGCAAGATAATGTTTATCAAATTCCTGATTTAAAGCCAGATTTGGTCATCACTCACAGTCAACT 
■ GATTCCTTTTGTTCACCATGAACTTACAAAAGGAATTGCTGTTGCTGAAATATCTTTTGATGAATCGATTC 
TGTCTATCCAAGAATTGATGTATCAAGTTAAAGAGGAAAAATTCCAAGCTGATTTAACCAAGCAATTAACA 

TAA 

SEQ ID NO: 72 amino acid sequence comprising GAS 372 

MIQIGKLFAGRYRILKSIGRGGMADVYLANDLIL^ 
NIVAIRDIGEEDGQQFLVMEYVDGADLKRYIQlffi 

lltkegwkvtdfgiavafaetsltqtnsmlgsvhylspeqargskatiqsdiyamgimiifemiitghipyd 
gdsavtialqhfqkplpsiieenhjwpqalenv^ 

fenvestkplpkvasgptasvklspptptvltqesrldqtnqtdalqpptkkkksgrflgtlfkilfsffi 
vgvalftyl i ltkpts vkvpnvagtslkvakqelydvglkvgki rq i e sdtvaeg1siwrtdpkagtakrqg 
ssi tl yvs i gnkgfdmenykgldyqeamns l i etygvpkskiki eri vtne ypentvi s qs p s agdkfnpn 
gkskitlsvavsdtitmpwteysyadawtltalgidasrikayvpssssatgfvpihspsskaivsgqs 
pyygtslslsdkgeislylypeethsssssssstsssnsssindstapgsntelspsettsqtp 
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SEQ ID NO; 73 polynucleotide sequence encoding GAS 372 

ATGATTCAGATTGGCAAATTATTTGCTGGTCGTTATCGCATTCTGAAATCTATTGGCCGCGGTGGTATGGC 
GGATGTTTATTTAGCAAATGACTTGATCTTGGATAATGAAGACGTTGCAATCAAGGTCTTGCGTACCAATT 
ATCAAACAGATCAGGTAGCAGTTGCGCGTTTCCAACGAGAAGCGCGGGCCATGGCTGAATTGAACCATCCC 
AATATTGTTGCCATCCGGGATATAGGTGAAGAAGACGGACAGCAATTTTTAGTAATGGAATATGTGGATGG 
TGCTGACCTAAAGAGATACATTCAAAATCATGCTCCATTATCTAATAATGAAGTGGTTAGAATTATGGAAG 
AAGTCCTTTCTGCTATGACTTTAGCCCACCAAAAAGGAATTGTACACAGAGATTTAAAACCTCAAAATATC 
CTACTAACTAAGGAGGGTGTTGTCAAAGTAACTGATTTCGGCATCGCAGTAGCCTTTGCAGAAACAAGCTT 
GACACAAACTAATTCGATGTTAGGCAGTGTTCATTACTTGTCTCCAGAACAGGCTCGCGGCTCCAAAGCGA 
CGATTCAAAGTGATATTTATGCGATGGGGATTATGCTCTTTGAGATGTTGACAGGCCATATCCCTTATGAC 
GGCGATAGTGCTGTTACGATTGCCTTGGAACATTTTCAAAAGCCTCTTCCATCTATTATCGAGGAGAACCA 
CAATGTGCCACAAGCTTTGGAGAATGTTGTTATTCGAGCAACAGCCAAGAAATTAAGTGATCGTTACGGGT 
CAACCTTTGAAATGAGTCGTGACTTAATGACGGCGCTTAGTTATAATCGTAGTCGGGAGCGTAAGATTATC 
TTTGAGAATGTTGAAAGTACCAAACCCCTCCCCAAAGTGGCCTCAGGTCCCACCGCTTCTGTAAAATTGTC 
TCCCCCTACCCCAACAGTGTTAACACAGGAAAGTCGATTAGATCAAACTAATCAAACAGATGCTTTACAGC 
CCCCCACCAAAAAGAAAAAAAGTGGTCGTTTTTTAGGTACTTTATTCAAAATTCTTTTTTCTTTCTTTATT 
GTAGGTGTAGCACTCTTTACTTATCTTATACTAACTAAACCAACTTCTGTGAAAGTTCCTAATGTAGCAGG 
CACTAGTCTTAAAGTTGCCAAACAAGAACTGTATGATGTTGGGCTAAAAGTGGGTAAAATCAGGCAAATTG 
AGAGTGATACGGTTGCTGAGGGAAATGTAGTTAGAACAGATCCTAAAGCAGGAACAGCTAAGAGGCAAGGC 
TCAAGCATTACGCTTTATGTGTCAATTGGAAACAAAGGTTTTGACATGGAAAACTACAAAGGACTAGATTA 
TCAAGAAGCTATGAATAGTTTGATAGAAACTTATGGTGTTCCAAAATCAAAAATCAAAATTGAGCGCATTG 
TAACTAATGAATATCCTGAAAATACAGTCATCAGTCAATCGCCAAGTGCGGGTGATAAATTTAATCCAAAC 
GGAAAGTCTAAAATTACGCTCAGTGTTGCTGTTAGTGATACGATCACTATGCCTATGGTAACAGAATATAG 
TTATGCAGATGCAGTCAATACCTTAACAGCTTTAGGTATAGATGCATCTAGAATAAAAGCTTATGTGCCAA 
GCTCTAGCTCAGCAACGGGCTTTGTGCCAATTCATTCTCCTAGTTCTAAAGCTATTGTCAGTGGTCAATCT 
CCTTACTATGGAACGTCTTTGAGTCTGTCTGATAAAGGAGAGATTAGTCTTTACCTTTATCCAGAAGAAAC 
ACACTCTTCTAGTAGCTCATCGAGTTCAACGTCAAGTTCAAACAGTTCTTCAATAAATGATAGTACTGCAC 
CAGGTAGCAACACTGAATTAAGCCCATCAGAAACTACTTCTCAAACACCTTAA 

SEQ ID NO: 74 amino acid sequence comprising GAS 39 

MDLIIiFLIATIjVLjL.GLGA 

YQQLTDIRDVLHRSLSDSRDRSDKRLEKINQQWQSLK^^ 

D SVSKQLESVKKGIiGEMRSVAQDVGTLNKYLSNTKTRGXIjGEIjQIaGQI IED IMTS SQYEREFVTVSG S SER 
VEYAIKIiPGNGQGGYIYLPIDSKFPLEDYYRIiEDAYEVGDKLAIEASRKAIiLAAIKRFAKDIHKKYLNPPE 
TTNFGVMFLPTEGLYSEWRNASFFDSLRREENIWAGPSTLSA^ 
VKLEFDKFGGLLAKAQKQMNTAITOTLDQ 

SEQ ID NO: 75 polynucleotide sequence encoding GAS 39 

ATGGACCTTATCTTGTTCCTTTTGGTCTTGGTTCTCTTAGGTTTAGGGGCTTATCTGTTGTTCAAAGTCAA 
CGGCCTTCAACATCAGCTTGCCCAAACCCTAGAAGGCAACGCGGATAATTTGTCTGACCAAATGACCTACC 
AGTTGGATAC AGC TAAC AAAC AAC AATTGTTAGAGCTAAC AC AGCTGATGAAC C GAC AAC AAGCAGGCC TT 
TACCAACAATTAACAGATATTCGTGACGTCTTGCACCGTAGTTTGTCTGATAGTAGGGACCGGTCTGACAA 
ACGCTTAGAAAAAATTAACCAGCAGGTCAACCAATCGCTCAAAAATATGCAAGAATCTAACGAAAAACGTT 
TGGAGAAAATGCGCCAGATCGTTGAAGAAAAATTGGAAGAAACCTTAAAAAATCGTCTGCACGCCTCTTTC 
GATTCTGTATCCAAGCAACTAGAAAGTGTCAATAAAGGCTTGGGAGAAATGCGTAGCGTGGCTCAAGATGT 
GGGTACTTTAAATAAGGTTTTGTCCAATACCAAAACACGAGGCATTTTAGGCGAACTTCAACTAGGCCAAA 
TC ATTGAGGATATC ATGAC ATC AAGC C AGTAC GAAAG AGAATTTGT AAC GGTTAGTGGTTC TAGTGAAC GC 
GTAGAATATGCGATTAAGCTCCCAGGAAATGGTCAAGGCGGTTATATTTACCTACCGATTGACTCAAAATT 
CCCTCTTGAAG ATT ATTACCGATTAGAAGATGCTTACGAAGTTGGTGATAAACTGGC CATC GAGGCTAGC C 
GAAAAGCACTTCTGGCAGCTATCAAACGCTTTGCCAAAGACATTCATAAAAAGTACTTGAACCCCCCAGAG 
ACGACCAATTTCGGAGTTATGTTCTTACCAACAGAAGGTCTTTATTCAGAAGTGGTCAGAAATGCGTCTTT 
CTTTGATAGCCTTCGTCGGGAAGAAAATATTGTGGTTGCAGGCCCTTCGACCCTGTCTGCTTTGCTGAATT 
CCTTATCTGTTGGTTTCAAGACCCTTAATATCCAAAAAAATGCTGATGACATCAGTAAAATTTTAGGCAAT 
GTCAAGTTAGAATTCGATAAATTTGGCGGCCTGCTTGCCAAGGCTCAAAAACAAATGAATACAGCTAATAA 
TACGCTGGATCAGCTCATTTCAACAAGGACAAATGCCATTGTTCGAGCCTTGAATACCGTTGAAACTTATC 
AAGACCAAGCAACAAAATCTCTCTTGAACATGCCCTTATTAGAAGAGGAAAATAATGAAAATTAA 
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SEQ ID NO: 76 amino acid sequence comprising GAS 42 

MTKEKLVAF S QAHAEP AWLQERRLAALEAI PNLEL PT I ERVKFHRVtfNLGDGTLTENE SLAS VPDF I AIGDN 
PKLVQVGTQTVLEQLPMALIDKGVVFSDFYTALEEI PEVI EAHFGQALAFDEDKLAAYHTAYFNSAAVLYV 
PDHLEITTPIEAIFLQDSDSDVPFNKHVLVIAGKESKFTYLERFESIGNATQKISANISVEVIAQAGSQIK 
FSAIDRLGPSVTTYISRRGRLEKDANIDWALAVM^ 

TRVTNYGQRTVGH I LQHGVILERGTLTFNGI GHILKDAKGADAQQESRVLMLSDQARADANP ILL I DENE V 
TAGHAAS I GQVDPED3XIYYLMS RGLDQET AERLVI RGFLGAVI AE I P I P S VRQE 1 1 KVLDEKLLNR 

SEQ ID NO: 77 polynucleotide sequence encoding GAS 42 

ATGACAAAAGAAAAACTAGTGGCTTTTTCGCAAGCCCACGCTGAGCCTGCTTGGCTGCAAGAACGGCGTTT 
AGCGGCATTAGAAGCCATTCCAAATTTGGAATTACCAACCATCGAAAGGGTTAAATTTCACCGTTGGAATC 
T AGGAGATGGTACC TTAAC AGAAAATGAAAGTC TAGC TAGTGTTC C AGATTTTATAGCTATTGGAG ATAAC 
CCAAAGCTTGTTCAGGTAGGCACGCAAACAGTCTTAGAACAGTTACCAATGGCGTTAATTGACAAGGGAGT 
TGTTTTCAGTGATTTTTATACGGCGCTTGAGGAAATCCCAGAAGTAATTGAAGCTCATTTTGGTCAGGCAT 
TAGCTTTTGATGAAGACAAACTAGCTGCCTACCACACTGCTTATTTTAATAGCGCAGCCGTGCTCTACGTT 
CCTGATCACTTGGAAATCACAACTCCTATTGAAGCTATTTTCTTACAAGATAGTGACAGTGACGTTCCTTT 
TAACAAGCATGTTCTAGTGATTGCAGGAAAAGAAAGTAAGTTCACCTATTTAGAGCGTTTTGAATCTATTG 
GCAATGCCACTCAAAAGATCAGCGCTAATATCAGTGTAGAAGTGATTGCTCAAGCAGGCAGCCAGATTAAA 
TTCTCGGCTATCGACCGCTTAGGTCCTTCAGTGACAACCTATATTAGCCGTCGAGGACGTTTAGAGAAGGA 
TGCCAACATTGATTGGGCCTTAGCTGTGATGAATGAAGGCAATGTCATTGCTGATTTTGACAGTGATTTGA 
TTGGTCAGGGCTCACAA : GCTGATTTGAAAGTTGTTGCAGCCTCAAGTGGTCGTCAGGTACAAGGTATTGAC 
ACGCGCGTGACCAACTATGGTCAACGTACGGTCGGTCATATTTTACAGCATGGTGTGATTTTGGAACGTGG 
C AC CTTAAC GTTT AACGGGATTGGTC ATATTCTAAAAGACGCTAAGGGAGC TGATGCTC AAC AAGAAAGC C 
GTGTTTTGATGCTTTCTGACCAAGCAAGAGCCGATGCCAATCCAATCCTCTTAATTGATGAAAATGAAGTA 
AC AGC AGGTC ATGC AGC TTC TATC GGTC AGGTTGAC C C TGAAGATATGTATTACTTGATGAGTC GAGGAC T 
GGATC AAGAAAC AGC AGAAC GATTGGTTATTAGAGGATTCCTAGGAGC GGTTATC GCTGAAATTC C TATTC 
CATCAGTCCGC C AAGAGATT ATTAAGGTTTTAGATGAGAAATT GC TTAATC GTTAA 

SEQ ID NO: 78 amino acid sequence comprising GAS 58 

MKWSGFMKTKSKRFLNLATLCLALLGTTLLMA HPVQA 

YLEGYEKGLKGDDIPERPKIQVPEDVQPSDHGDYRDGYEEGFGEGQHKRDPLETEAEDDSQGGRQEGRQGH 
QEGADSSDLNVEESDGLSVIDEWGVIYQAFSTIWTYLSGLF 

SEQ ID NO: 79 polynucleotide sequence encoding GAS 58 

ATGAAATGGAGTGGTTTTATGAAAACAAAATCAAAACGCTTTTTAAACCTAGCAACCCTTTGCTTGGCCCT 
ACTAGGAACAACTTTGCTAATGGCA CAT C C C GTACAGGC GGAGGTGAT ATC AAAAAGAGAC TATATGACTC 
GCTTCGGGTTAGGCGATTTAGAAGATGATTCAGCTAACTATCCTTCAAATTTAGAAGCTAGATATAAAGGA 
TATTTAGAGGGATATGAAAAAGGC TTAAAAGGAGATGATATAC CC GAACGGCC C AAGATTC AGGTTC CTGA 
GGATGTTCAGCCATCTGACCATGGCGACTATAGAGATGGTTATGAGGAAGGATTTGGAGAAGGACAACATA 
AACGTGATCCATTAGAAACAGAAGCAGAAGATGATTCTCAAGGAGGACGTCAAGAAGGACGTCAAGGACAT 
CAAGAAGGAGCAGATTCTAGTGATTTGAACGTTGAAGAAAGCGACGGTTTGTCTGTTATTGATGAAGTAGT 
TGGAGTAATTTATC AAGC ATTTAGTAC TATTTGGAC ATACTTAAGCGGTTTGTTC TAA 

SEQ ID NO: 80 amino acid sequence comprising N-terminal leader sequence of GAS 58 

MKWSGFMKTKS KRFLNL ATLCLALLGTTLLMA 

SEQ ID NO: 81 amino acid sequence comprising a fragment of GAS 58 where the N-terminal 
leader sequence is removed 

HPVQAEVISKRDYMTRFGLGDLEDDSAJSTYPSNLEARYKGYLEGYEKGLKGDDIPERPKIQVPEDVQPSDHG 
DYRDGYEEGFGEGQHKRDPLETEAEDDSQGGRQEGRQGHQEGADSSDLNVEESDGLSVIDEWGVIYQAFS 
TIWTYLSGLF 

SEQ ID NO: 82 amino acid sequence comprising GAS 290 
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MKHILF I VGSLREGS FNHQLAAQAQK^UjEHQAVVS YLNWKDVPVLNQD I EANAPLPVVDARQAVQS ADAI W 
IFTPVYNFSIPGSVKl^IiDW^ 

EFTKATVNPDAWGTGRLEI SKETKANLLSQAEALLAAI 

SEQ ID NO: 83 polynucleotide sequence encoding GAS 290 

ATGAAACATATTTTATTTATTGTTGGCTCGCTTCGTGAAGGGTCTTTTAACCATCAATTAGCGGCTCAAGC 
ACAAAAAGCTCTGGAACATCAAGCAGTTGTATCTTACTTAAATTGGAAAGACGTTCCTGTTTTGAATCAAG 
ATATCGAAGCTAATGCACCTTTACCAGTTGTTGACGCTCGTCAAGCTGTTCAGTCAGCGGATGCTATCTGG 

ATTXTTACACCAG TTTACAACTTC^ 

TCTTGATTTGTCTGATCCGACGGGCCCATCTGCTATTGGCGGTAAGGTGGTTACGGTCTCTTCAGTTGCAA 
ATGGCGGGCATGATCAAGTATTTGATCAGTTTAAAGCACTATTGCCGTTTATCCGAACTTCAGTAGCAGGA 
GAGTTTACAAAAGCAACTGTGAATCCTGATGCCTGGGGAACAGGAAGGCTTGAGATTTCAAAAGAGACAAA 
AGCAAACTTGCTATCTCAGGCAGAGGCTCTTTTAGCGGCTATTTAG 

SEQ ID NO: 84 amino acid sequence comprising GAS 511 

MTDVSRXLKEARDQGRLTTLDYANLIFD^ 
LA^FGQPNPEGYRKALRLMKQAEKFGR 

X IGEGGSG GAL AL AVADQVWMLENTMY AVL S PEGFAS XLWKDGSRATEAAELMKITAGELYKMGIVDRI I P 
EHGYFSSEIVDIIKANIilEQITSLQAKPLDQLLDERYQRFRKY 

SEQ ID NO: 85 polynucleotide sequence encoding GAS 511 

ATGAC AGATGTATCAAGAATTTTAAAAGAAGC GCGTGATC AAGGGCGTTTAAC AACTTTGGATTACGC CAA 
CCTTATTTTCGATGACTTTATGGAACTGCATGGCGATCGCCATTTTTCAGATGATGGTGCCATTGTAGGTG 
GCCTAGCTTATTTGGCGGGACAACCTGTTACGGTCATTGGTATTCAAAAAGGTAAGAATTTACAGGATAAT 
TTGGCAAGGAATTTTGGCCAGCCCAATCCAGAAGGTTATCGTAAAGCTTTGCGCCTTATGAAACAGGCAGA 
AAAATTTGGACGACCAGTTGTTACGTTTATCAATACTGCAGGAGCCTATCCAGGTGTCGGTGCGGAAGAAC 
GAGGACAGGGTGAGGCCATTGCTAAAAATTTGATGGAAATGAGTGATCTCAAGGTTCCCATTATCGCCATC 
ATTATTGGTGAAGGAGGCTCTGGTGGTGCATTAGCCTTAGCGGTTGCCGATCAGGTCTGGATGCTTGAAAA 
TACTATGTATGCGGTTCTTAGCCCAGAAGGCTTTGCTTCTATTTTATGGAAGGATGGTTCAAGGGCGACCG 
AGGCC GCTGAATTGATGAAAATC AC AGCGGGTGAACTCTAC AAAATGGGAATAGTAGACC GTATTATTC C A 
GAACATGGTTATTTTTCAAGTGAAATCGTTGACATCATCAAAGCTAACCTCATCGAACAAATAACCAGTTT 
GC AAGCTAAGC C ATTAGAC C AATTATTAGATGAGCGC TAC C AAC GCTTTCGTAAAT ATTAA 

SEQ ID NO: 86 amino acid sequence comprising GAS 533 

I^ITVADIRREVKEKJSIVTFLRLMFTDIMGVMKNVEI PATKEQLDKVLSNKVMFDGS S XEGFVRINESDMYIj 
YPDLDTWIVFPWGDENGAVAGLICDIYTAEG 

DKGNPTLEVlSnDlSIGGYFDIjAPIDIjADNTRREXVNI LTKMGF EVEASHHEVAVGQHEXDFKYADVLKACDNX Q 
IFKLWKTIAREHGLYATFMAKPKFGIAGSGMHCNMSLFD^^ 

HAYNYT AX TNPTVNS YKRIjVPGYEAPVYVAWAGSNRS PL X RVP ASRGMGTRLELRS VD PTANP YL AL AVLL 

EAGLDGXINKIEAPEPVEANXYTMTMEERNEAGXXDLPSTLHN^ 

XEWSSYATFVSQWEIDHYXHNY 

SEQ ID NO: 87 polynucleotide sequence encoding GAS 533 

ATGGCAATAACAGTAGCTGACATTCGTCGTGAAGTCAAAGAAAAAAATGTAACGTTTCTTCGCTTGATGTT 
CACTGATATCATGGGCGTTATGAAAAATGTGGAGATTGCTGCAACTAAAGAACAGTTAGACAAAGTATTGT 
CTAACAAGGTTATGTTTGATGGTTCATCTATCGAAGGTTTTGTACGGATCAATGAGTCAGATATGTACCTT 
TACCCCGATTTAGACACTTGGATTGTTTTTCCCTGGGGAGATGAAAATGGAGCAGTTGCAGGTTTAATTTG 
TGATATTTATACAGC AGAAGGAAAGCCTTTTGC AGGAGATC CTAGAGGAAATTTAAAAAGAGC CCTGAAAC 
ACATGAACGAGATCGGCTACAAATCATTTAATCTTGGACCAGAACCAGAATTTTTCCTTTTTAAGATGGAT 
GATAAAGGTAATCCGACACTTGAAGTTAACGATAATGGTGGTTATTTTGATTTAGCGCCAATTGACTTAGC 

AGACAAC AC GCGC C GTGAAATTGTGAATATTTTAAC GAAAATGGGTTTTGAAGTGGAAGCTAGTCATC ATG 
AAGTGGCTGTTGGTCAACATGAGATTGATTTTAAATATGCAGATGTTTTGAAAGCTTGTGATAATATTCAA 
ATTTTTAAGCTAGTTGTAAAAACGATTGCCCGTGAACATGGACTTTATGCTACTTTCATGGCTAAACCAAA 
ATTTGGAATAGCTGGATCAGGGATGCACTGTAACATGTCTTTGTTTGATAACCAAGGTAATAATGCTTTTT 
ATGATGAAGC TGATAAGCGAGGGATGC AGTTATC AGAAGATGCTTATTATTTC TTGGGAGGAC T AATGAAG 
C ATGCTTAT AAC TAC ACTGCTATC AC TAACCCTAC AGTGAATTC TTATAAAC GATTAGTTCC AGGTTATGA 
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GGCACCTGTTTATGTCGCTTGGGCTGGAAGTAATCGTTCACCGCTTATCCGTGTTCCAGCATCACGTGGTA 
TGGGAAGGCGTTTGGAGTTACGTTCGGTTGATCCGACAGCTAATCCTTATTTAGCCTTGGCTGTTCTCTTG 
GAAGCTGGATTAGATGGTATCATTAACAAAATTGAAGCTCCAGAACCCGTTGAAGCTAACATTTATACCAT 
GAC AATGGAAGAAC GAAATGAAGC AGGC ATTATTGATTTGC C ATC AACGCTTC ATAATGC CTTAAAAGCTC 
TTCAAAAAGATGATGTGGTACAAAAGGCACTAGGTTACCATATCTACACTAATTTCTTAGAAGCAAAACGA 
ATTGAATGGTCTTCCTATGCAACTTTTGTTTCTCAATGGGAAATTGACCATTATATTCATAATTATTAG 

SEQ ID NO: 88 amino acid sequence comprising GAS 527 

MTEISILNDVQKIIVIiDYGSQYNQIilARRIREFGVFSELKSHKITAQELREINPIGIVLSGGPNSVYADNA 
FGIDPEIFELGI P ILGICYGMQIjITHKLGGKVVPAGQAGlSrREYGQSTLHI,RET SKL.F SGTPQEQLA/IjMSHG 
DAVTEI PEGFHLVGDSNDC PYAAI ENTEKNLYGI QFHPEVRHSVYGNDILKNFAI S ICGARGDWSMDNF ID 
MEIAKIRETVGDRKVLLGLSGGVDSSWGVLLQKAIGDQ 

RVDASKRFLDIiLADVEDPEKKRKI IGNEFVYVFDDEASKLKGVDFLAQGTIiYTDI IESGTETAQTIKSHHN 
VGGLPEDMQFELIEPLNTLFKDEVRALGIALGMPEEIWRQPFPG 

REE I AKAGLDRDVWQ YFTVNTGVRS VGVMGDGRTYDYT I AI RAI T S IDGMTADFAQL PWDVLKKI S TRI VN 
E VDHVNRI VYD I TS KP PATVEWE 

SEQ ID NO: 89 polynucleotide sequence encoding GAS 527 

ATGACTGAAATTTCAATTTTGAATGATGTTCAAAAAATTATCGTTCTTGATTATGGTAGCCAGTACAATCA 
GCTTATTGCTAGACGTATTCGAGAGTTTGGTGTTTTCTCCGAACTAAAAAGCCATAAAATCACCGCTCAAG 
AACTTCGTGAGATC AATCCCATAGGTATCGTTTTATC AGGAGGGC C TAACTCTGTTTACGC TGATAACGCC 
TTTGGC ATTGAC C C TGAAATCTTTGAACTAGGGATTCCGATTCTTGGTATCTGTTACGGTATGCAATTAAT 
CACCCATAAATTAGGTGGTAAAGTTGTTCCTGCTGGACAAGCTGGTAATCGTG2\ATACGGTCAGTCAACCC 
TTCATCTTCGTGAAACGTCAAAATTATTTTCAGGCACACCTCAAGAACAACTCGTTTTGATGAGCCATGGT 
GATGCTGTTACTGAAATTCCAGAAGGTTTCCACCTTGTTGGAGACTCAAATGACTGTCCCTATGCAGCTAT 
TGAAAATACTGAGAAAAACCTTTACGGTATTCAGTTCCACCCAGAAGTGAGACACTCTGTTTATGGAAATG 
ACATTCTTAAAAACTTTGCTATATCAATTTGTGGCGCGCGTGGTGATTGGTCAATGGATAATTTTATTGAC 
ATGGAAATTGCTAAAATTCGTGAAACTGTAGGCGATCGTAAAGTTCTTCTAGGTCTTTCTGGTGGAGTTGA 
TTCTTC AGTTGTTGGTGTTCTACTTC AAAAAGCTATCGGTGAC C AATTAAC TTGTATTTTC GTTGATC AC G 
GTCTTCTTCGTAAAGACGAGGGCGATCAAGTTATGGGAATGCTTGGGGGCAAATTTGGCCTAAATATTATC 
C GTGTGGATGCTTC AAAAC GTTTCTTAGAC CTTCTTGC AGACGTTGAAGATCCTGAGAAAAAACGTAAAAT 
TATTGGTAATGAATTTGTCTATGTTTTTGATGATGAAGCCAGCAAATTAAAAGGTGTTGACTTCCTTGCCC 
AAGGAACACTTTATACTGATATCATTGAGTCAGGAACAGAAACTGCTCAAACCATCAAATCACATCACAAT 
GTGGGTGGTCTCCCCGAAGACATGCAGTTTGAATTGATTGAGCCCTTAAACACTCTTTTCAAAGATGAAGT 
TCGAGCGCTTGGAATCGCTCTTGGAATGCCTGAAGAAATTGTTTGGCGCCAACCATTTCCAGGTCCTGGAC 
TTGCTATCCGTGTCATGGGAGCAATTACTGAAGAAAAACTTGAAACCGTTCGCGAATCAGACGCTATCCTT 
CGTGAAGAAATTGCTAAGGCTGGACTTGATCGTGACGTGTGGCAATACTTTACAGTTAACACAGGTGTCCG 
TTC TGTAGGCGTC ATGGGAGATGGTC GTAC TTATGATTATACC ATC GCC ATTCGTGCTATTACGTCTATTG 
ATGGTATGACAGCTGACTTTGCTCAACTTCCTTGGGATGTCTTGAAAAAAATCTCAACACGTATCGTAAAT 
GAAGTTGACC ACGTTAACC GTATC GTCTAC GACATC AC AAGTAAAC C ACC CGC AAC AGTTGAATGGGAATA 
A 

SEQ ID NO: 90 amino acid sequence comprising GAS 294 

MS Q S TAT Y INVT GAGLAGS EAAYQ I AKRG I P VKL YEMRGVKAT PQHKTTNFAELVC SNS FRGD S LTNAVGL 
LKE EMRRLD S I IMRNGEANRVPAGGAI4AVDREGYAES VT AELENH PL I EVI RGE I TE I PDDAI TVT ATGPL 
TSDAXjAEKIHALNGGDGFYFYDAAAPIIDKSTIDMSKVYLKSRYDKGEAAYIjNCPMTKEEFMAFHEALTTA 
EEAPLNAFEKEKYFEGCMPIEVMAKRGIKTMLYGPMKPVGLEYPDDYTGPRDGEFKTPYAWQLRQDNAAG 
SLYNIVGFQTHLKWGEQKRVFQMIPGLENAEFVRYGVMHR^ 

EGWESAASGLVAGINAARLFKREEALIFPQTTAIGSLPHWTHADSKHFQPMNVNFGIIKELEGPRIRDK 
KERYEAIASRALADLDTCLASL 

SEQ ID NO: 91 polynucleotide sequence encoding GAS 294 

TTGTCTCAATCAACTGCAACTTATATTAATGTTATTGGAGCTGGGCTAGCTGGTTCTGAAGCTGCCTATCA 
GATTGCTAAGCGC GGTATC C C C GTTAAATTGTATGAAATGC GTGGTGTC AAAGCAAC AC C GC AAC ATAAAA 
CCACTAATTTTGCCGAATTGGTCTGTTCCAACTCATTTCGTGGTGATAGCTTAACCAATGCAGTCGGTCTT 
CTCAAAGAAGAA^TGCGGCGATTAGACTCCATTATTATGCGTAATGGTGAAGCTAACCGCGTACCTGCTGG 
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GGGAGCAATGGCTGTTGACCGTGAGGGGTATGCAGAGAGTGTCACTGCAGAGTTGGAAAATCATCCTCTCA 
TTGAGGTCATTCGTGGTGAAATTACAGAAATCCCTGACGATGCTATCACGGTTATCGCGACGGGAeCGCTG 
ACTTCGGATGCCCTGGCAGAAAAAATTCACGCGCTAAATGGTGGCGACGGATTCTATTTTTACGATGCAGC 
AGCGCCTATCATTGATAAATCTACCATTGATATGAGCAAGGTTTACCTTA2\ATCTCGCTAGGATAAAGGCG 
AAGCTGCTTACCTCAACTGCCCTATGACCAAAGAAGAATTCATGGCTTTCCATGAAGCTCTGACAACCGCA 
GAAGAAGCCCCGCTGAATGCCTTTGAAAAAGA3\AAGTATTTTGAAGGCTGTATGCCGATTGAAGTTATGGC 
TAAACGTGGCATTAAAACCATGCTTTATGGACCTATGAAACCCGTTGGATTGGAATATCCAGATGACTATA 
CAGGTCCTCGCGATGGAGAATTTA2^AACGCCATATGGCGTCGTGCAATTGCGTCAAGATAATGCAGCTGGA 
AGCCTTTATAATATCGTTGGTTTCCAAACCCATCTCAAATGGGGTGAGCAAAAACGCGTTTTCCAAATGAT 
TCCAGGGCTTGAAAATGCTGAGTTTGTCCGCTACGGCGTCATGCATCGCAATTCCTATATGGATTCACCAA 
ATCTTTTAACCGAAACCTTCCAATCTCGGAGCAATCCAAACCTTTTCTTTGCAGGTCAGATGACTGGAGTT 
GAAGGTTATGTCGAATCAGCTGCTTCAGGTTTAGTAGCAGGAATCAATGCTGCTCGTTTGTTCAAAAGAGA 
AGAAGCACTTATTTTTCCTCAGACAACAGCTATTGGGAGTTTGCCTCATTATGTGACTCATGCCGACAGTA 
AGC ATTTCC AAC CAATGAAC GTC AAC TTTGGC ATC ATC AAAGAGTTAGAAGGC CC AC GC ATTC GTGAC AAA 
AAAGAACGTTATGAAGCTATTGCTAGTCGTGCTTTGGCAGATTTAGACACCTGCTTAGCGTCGCTTTAA 

SEQ ID NO: 92 amino acid sequence comprising GAS 253 

MPKKILFTGGGTVGWTLNLILI P 

NLADVFKVALGLLQSLFIVAKLRPQALFSKGGFVSVPPWAAKLLGKPVFIHESDRSMGLANKIAYKFATT 
MYTTFEQEDQLSKVKHLGAVT^ 

IiKQRYN I TNT TGD PHLNEL S S HLYRVDYVTDLYQPLIXLAMADLVVTRGGSNTIjF ELLAMAKXiHL I VPLGKEA 
S RGDQLENATYFEKRGYAKQLQE PDLTLHNFDQAMADLFEHQADYE ATML ATKE I Q S PDFF YDLLRAD I S S 
AIKEK 

SEQ ID NO: 93 polynucleotide sequence encoding GAS 253 

ATGCCTAAGAAGATTTTATTTACAGGTGGTGGAACTGTAGGTCATGTCACCTTGAACCTCATTCTCATACC 
AAAATTTATCAAGGACGGTTGGGAAGTACATTATATTGGTGATAAAAATGGCATTGAACATACAGAAATTG 
AAAAGTC AGGCC TTGACGTGAC C TTTCATGCTATC GCGAC AGGC AAGC TTAGAC GC TATTTTTCATGGCAA 
AATCTAGCTGATGTTTTTAAGGTTGCACTTGGCCTCCTACAGTCTCTCTTTATTGTTGCCAAGCTTCGCCC 
TCAAGCCCTTTTTTCCAAAGGTGGTTTTGTCTCAGTACCGCCAGTTGTGGCTGCTAAATTGCTTGGTAAAC 
CAGTCTTTATTCATGAATCAGATCGGTCAATGGGACTAGCAAACAAGATTGCCTACAAATTTGCAACTACC 
ATGTATACCACTTTTGAGCAGGAAGACCAGTTGTCTAAAGTTAAACACCTTGGAGCGGTGACAAAGGTTTT 
C AAAGATGCC AACC AAATGCCTGAATC AACTC AGTTAGAGGC GGTGAAAGAGTATTTT AGT AGAGAC CTAA 
AAACCCTCTTGTTTATTGGTGGTTCGGCAGGGGCGCATGTGTTTAATCAGTTTATTAGTGATCATCCAGAA 
TTGAAGCAACGTTATAATATCATCAATATTACAGGAGACCCTCACCTTAATGAATTGAGTTCTCATCTGTA 
TCGAGTAGATTATGTTACCGATCTCTACCAACCTTTGATGGCGATGGCTGACCTTGTAGTGACAAGAGGGG 
GCTCTAATACACTTTTTGAGCTACTGGCAATGGCTAAGCTACACCTCATCGTTCCTCTTGGTAAAGAAGCT 

AGC C GTGGCGATC AGTT AGAAAATGC C ACTTATTTTGAGAAGAGGGGCTAC GCTAAACAATTAC AGGAACC 
TGATTTAACTTTGCATAATTTTGATCAGGCAATGGCTGATTTGTTTGAACATCAGGCTGATTATGAGGCTA 
CTATGTTGGCAACTAAGGAGATTCAGTCACCGGACTTCTTTTATGACCTTTTGAGAGCTGATATTAGCTCC 
GCGATTAAGGAGAAGTAA 

SEQ ID NO: 94 amino acid sequence comprising GAS 529 

MC G I VGWGNRNATD iLiMQGLEKDE YRGYD SAGI FVANANQTNL I KS VGR I ADLRAKI G IDVAGSTG I GHT 
RWATHGQ S TEDNAH PHTS QTGRF VLiVHNGVI ENYLH I KTEFL AGHDFKGQTDT E J AVHL I GKF VEEDKLS V 
LEAFKKSLSIIEGSYAFALMDSQATDTIWAK^ 

ILTKDKVTVTDYDGKELIRDSYTAELDLSDIGKGTYPFYMIiKEIDEQPTVMRQLISTYADETGIWQVDPAI 
ITSIQEADRLYILAAGTSYHAGFATKNMLEQ 

QVL VKANAMGI P SliTVTNVPG S TD S RE AT YTML IHAGPE I AVAS TKAYTAQ I AALAFLAKAVGEANGKQEA 
LDFNLWELSLVAQSIEATLSEKDLVAEKVQALLATTRNAFYIGRGNDYYVAMEAAL 

AGELKHGTISLIEEDTPVIALISSSQWASHTRGNIQEVAARGAHVLTWEEGLDREGDDIIVNKVHPFLiA 
PIAMVT PTQIiI AYYASLQRGLDVDKPRNIiAKAVTVE 

SEQ ID NO: 95 polynucleotide sequence encoding GAS 529 

ATGTGTGGAATTGTTGGAGTTGTTGGAAATCGCAATGCAACGGATATTTTAATGCAAGGCCTTGAAAAGCT 
TGAATACCGGGGTTATGATTCAGCAGGAATTTTTGTGGCTAATGCCAATCAAACAAACTTGATTAAATCAG 
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TGGGGCGGATTGCTGATTTGCGTGCCAAGATTGGCATTGATGTTGCTGGTTCAACAGGGATTGGTCACACC 
CGTTGGGCAACGCATGGCCAATCAACAGAGGATAATGCCCATCCTCACACGTCACAAACTGGACGTTTTGT 
ACTTGTTCATAATGGTGTGATTGAAAATTACCTTCACATTAAAACAGAGTTCCTAGCTGGACATGATTTTA 
AGGGGCAGACAGATACTGAGATTGCAGTACACTTGATTGGAAAATTTGTGGAAGAAGACAAGTTGTCAGTA 
CTGGAAGCTTTTAAAAAATCTTTAAGCATTATTGAAGGTTCCTACGCCTTTGCATTAATGGATAGCCAAGC 
AACTGATACTATTTATGTGGCTAAAAACAAGTCTCCATTGTTGATTGGACTTGGTGAAGGTTACAACATGG 
TTTGTTCAGATGCCATGGCCATGATTCGTGAAACCAGTGAATTTATGGAAATTCATGATAAGGAGCTAGTT 
ATTTTAACCAAAGATAAGGTAACTGTTACAGACTACGATGGTAAAGAGGTGATACGAGATTCCTACACTGC 
TGAATTAGACTTATCTGATATTGGCAAAGGGACTTATCCTTTCTATATGCTGAAAGAAATTGATGAGCAAC 
CAACCGTAATGCGTCAATTAATTTCAACTTATGCAGATGAAACTGGTAACGTACAGGTTGATCCGGCTATC 
ATTACCTCTATCCAAGAGGCTGACCGTCTTTATATTTTAGCGGCAGGGACTTCCTACCATGCTGGTTTTGC 
AACAAAAAATATGCTTGAGCAATTGACAGATACACCAGTTGAGTTGGGCGTGGCTTCTGAGTGGGGTTACC 

AC ATGC C TCTGC TTAGC AAGAAAC C AATGTTTATTCTACTAAGC C AATC AGGAGAAAC C GCAGATAGTCGT 
CAAGTTTTAGTAAAGGCAAATGCTATGGGCATTCCGAGTTTGACAGTAACTAACGTTCCAGGATCAACCTT 
ATCACGTGAAGCAACATACACCATGTTGATTCATGCTGGACCTGAAATTGCTGTTGCGTCTACAAAAGCTT 
ACACTGCACAAATTGCTGCCCTTGCCTTTTTGGCTAAGGCAGTTGGTGAGGCAAATGGTAAGCAAGAAGCT 
CTTGACTTTAACTTGGTACATGAGTTGTCATTGGTTGCCCAATCTATTGAGGCGACTTTGTCTGAAAAAGA 
.TCTCGTGGCAGAAAAGGTTCAAGCTTTGCTAGCTACTACTCGTAATGCTTTTTACATCGGGCGTGGCAATG 
ATTATTACGTTGCGATGGAAGCTGCTTTGAAATTAAAAGAGATTTCTTATATTCAATGCGAAGGCTTTGCG 
GC TGGTGAATTGAAAC ATGGAACCATTTCATTAATTGAGGAGGACACGCCAGTAATC GC TTTAATATCGTC 
TAGTCAGTTGGTTGCCTCTCATACGCGTGGTAATATTCAAGAAGTTGCTGCCCGTGGGGCTCATGTTTTAA 
CAGTTGTGGAAGAAGGGCTTGACCGTGAGGGAGATGACATTATTGTCAATAAGGTTCATCCTTTCCTAGCC 
CCGATTGCTATGGTCATTCCAACTCAACTGATTGCTTACTACGCTTCATTACAACGTGGACTTGATGTTGA 
TAAGCCACGTAATTTGGCTAAAGCTGTAACAGTAGAATAA 

SEQ ID NO: 96 amino acid sequence comprising GAS 45 

VTFMKKSKWLAAVSVAILSVSALAA CGNKNASGGSBATKTYKYVFWPPKSLDYILTNGGGTTDVXTQMVD 

GLLENDEYGNLVPSLAKDWKVSKDGLTYTYTDRDGVSWYTADGEEYAPVTAEDFVTGLKHAVDDKSDALYV 

VEDS IKNLKAYQNGEVX)FKEVGVKALDDKTVQYTLNKPES YVtfN SKTTYSVLiF PVNAKFLKSKGKDFGTTDP 

SSILWGAYFLSAFTSKSSMEFHKNEIS^^ 

TYKSAKKNYADNITYGMLTGDIRHL^^ 

QTAGQDAKTKALRJXIMLVPPTFVTIGESD^ 

ALTAEGVTFPVQLDYPVDQANAATVQEAQ 

DIlSSWWGPDYQDPRTYLDIMSPVGGGSVIQKLGIKAGQNKDWAAAGLiDTYQTLIiDEAAAITDDNDARYK 
AYAKAQ AYLTDNAVD I P WAIjGGT PRVTKAVP F S GGF S WAGSKG P L AYKGMKLQDKP VT VKQ YEKAKEKWM 
KAKAKSNAKYAEKLADHVEK 

SEQ ID NO: 97 polynucleotide sequence encoding GAS 45 

GTGACTTTTATGAAGAAAAGTAAATGGTTGGCAGCTGTAAGTGTTGCGATCTTGTCAGTATCCGCTTTGGC 
AGCT TGTGGTAATAAAAATGCTTCAGGTGGCTCAGAAGCTACAAAAACCTACAAGTACGTTTTTGTTAACG 
ATCCAAAATCATTGGATTATATTTTGACTAATGGCGGTGGAACGACTGATGTGATAACACAAATGGTTGAT 
GGTC TTTTGGAAAAC GATGAGTATGGTAATTTAGTACC ATC AC TTGC TAAAGATTGGAAGGTTTC AAAAGA 
CGGTCTGACTTATACTTATACTCTTCGCGATGGTGTCTCTTGGTATACGGCTGATGGTGAAGAATATGCCC 
C AGTAAC AGC AGAAGATTTTGTGACTGGTTTGAAGCAC GC GGTTGACGATAAATC AGATGC TCTTTACGTT 
GTTGAAGATTC AATAAAAAAC TTAAAGGC TTAC C AAAATGGTGAAGTAGATTTTAAAGAAGTTGGTGTC AA 
AGCCCTTGACGATAAAAC TGTTC AGTATACTTTGAAC AAGCCTGAAAGC TAC TGGAATTC AAAAAC AAC TT 
AT AGTGTGC TTTTC C C AGTTAATGC GAAATTTTTGAAGTC AAAAGGT AAAGATTTTGGTAC AAC CGATC C A 
TC ATC AATC CTTGTTAATGGTGCTTACTTCTTGAGCGCCTTCACCTCAAAATC ATC TATGGAATTCCATAA 
AAATGAAAACTAC TGGGATGC TAAGAATGTTGGGATAGAATCTGTTAAATTGACTTACTC AGATGGTTC AG 
ACCCAGGTTCGTTCTACAAGAACTTTGACAAGGGTGAGTTCAGCGTTGCACGACTTTACCCAAATGACCCT 
ACCTACAAATCAGCTAAGAAAAACTATGCTGATAACATTACTTACGGAATGTTGACTGGAGATATCCGTCA 
TTTAAC ATGGAATTTGAAC C GTACTTC TTTC AAAAAC ACTAAGAAAGACCCTGC AC AAC AAGATGCCGGT A 
AGAAAGCTCTTAACAACAAGGATTTTCGTCAAGCTATTCAGTTTGCTTTTGACCGAGCGTCATTCCAAGCA 
CAAACTGCAGGTCAAGATGCCAAAACAAAAGCCTTACGTAACATGCTTGTCCCACCAACATTTGTGACCAT. 
TGGAGAAAGTGATTTTGGTTCAGAAGTTGAAAAGGAAATGGCAAAACTTGGTGATGAATGGAAAGACGTTA 
ACTTAGCTGATGCTCAAGATGGTTTCTATAATCCTGAAAAAGCAAAAGCTGAGTTTGCAAAAGCCAAAGAA 
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GCTTTAACAGCTGAAGGTGTAACCTTCCCAGTTCAATTAGATTACCCTGTTGACCAAGCAAACGCAGCAAC 
TGTTCAGGAAGCCCAGTCTTTCAAACAATCTGTTGAAGCATCTCTTGGTAAAGAGAATGTCATTGTCAATG 
TTCTTGAAACAGAAACATCAACTCACGAAGCCCAAGGCTTCTATGCTGAGACCCCAGAACAACAAGACTAC 
GATATCATTTCATCATGGTGGGGACCAGACTATCAAGATCCACGGACCTACCTTGACATCATGAGTCCAGT 
AGGTGGTGGATCTGTTATCCAAAAACTTGGAATCAAAGCAGGTCAAAATAAGGATGTTGTGGCAGCTGCAG 
GCCTTGATACCTACCAAACTCTTCTTGATGAAGCAGCAGCAATTACAGACGACAACGATGCGCGCTATAAA 
GCTXACGCAAAAGCACAAGCCTACCTTACAGATAATGCCGTAGATATTCCAGTTGTGGCATTGGGTGGCAC 
TCCACGAGTTACTAAAGCCGTTCCATTTAGCGGGGGCTTCTCTTGGGCAGGGTCTAAAGGTCCTCTAGCAT 
ATAAAGGAATGAAACTTCAAGACAAACCTGTCACAGTAAAACAATACGAAAAAGCAAAAGAAAAATGGATG 
AAAGCAAAGGCTAAGTCAAATGCAAAATATGCTGAGAAGTTAGCTGATCACGTTGAAAAA 

SEQ ID NO: 98 amino acid sequence comprising an N-terminal leader sequence of GAS 45 

VTFMKKSKWLAAVSVAILSVSALAA 

SEQ ID NO: 99 amino acid sequence comprising a fragment of GAS 45 where the N-terminal 
leader sequence is removed 

CGNKNASGGSEATKTYKYVFV^ 

LT YTYTLRDGVS WYTADGEEYAPVTAEDFVTGLKHAVDDKSDALYVVED S IKNLiKAYQNGEVDFKEVGVKA 
LDDKTVQYTLNKPES^ 

ENYWDAKNVGIESVKLTYSDGSDPGSFYKNFDKGEFSVARLYPlSrDPT 

TWNLNRTS FKNTKKD P AQQDAGKKALNNKDFRQAI QFAFDRAS FQAQTAGQDAKTKALRHMLVPPTFVTIG 
E SDFGS EVEKEMAKLGDEWKDVNIjADAQDGF YNPEKAKAEFAKAKEALTA 

QEAQSFKQSVEASLGKENVIYNVXjETETSTHEAQGFYAETPEQQDYDIISSWWGPDYQDPRTYLDIMSPVG 
GG S VI QKLG I KAGQNKDVVAAAGLDTYQTL 

RVTKAVPFSGGFSWAGSKGPLAYKGMKLQDKPVTW 

SEQ ID NO: 100 amino acid sequence comprising GAS 95 

MKIGKKIVLMFTAIVLTTVI^ 
SERASKWEGNSDSMILVTVNPKTKKTTMTSL^ 

DLLNITI DNYVQ INMQGL I DLVNAVGG I TVTNEFDF PIS I AEN"E PE YQATVAPGTHKINGEQALVYARMRY 
DDPEGDYGRQKRQREVI QKVXjKKI LALDS I S S YRKIli S AVS SNMQTNI EI S SRT I P SIjLG YRDALRT I KTY 
QLKGEDATLSDGGSYQIVTSNHLLEIQNRIRTELGLHKVNQLKTNATVYENLYGSTK^ 
PSYSDSHSSYANYSSGVDTGQSASTDQDSTASSHRPATPSSSSDALAADESSSSGSGSLVPPANINPQT 

SEQ ID NO: 101 polynucleotide sequence encoding GAS 95 

ATGAAAATTGGAAAAAAAATAGTTTTAATGTTCACAGCTATTGTGTTAACAACTGTCTTGGCATTAGGTGT 
CTATCTAACTAGTGCTTATACCTTCTCA ACAGGAGAATTATCAAAGACCTTTAAAGATTTTTCGACATCTT 
CAAACAAAAGTGATGCCATTAAACAAACAAGAGCTTTTTCTATCTTGTTGATGGGTGTTGATACAGGCTCT 
TCAGAGCGTGCCTCCAAGTGGGAAGGAA2VCAGTGATTCGATGATTTTGGTTACGGTTAATCCAAAGACCAA 
GAAAACAACTATGACTAGTTTAGAACGAGATACCTTAACCACGTTATCTGGACCCAAAAATAATGAAATGA 
ATGGTGTTGAAGCTAAGCTTAACGCTGCTTATGCAGCAGGTGGCGCTCAGATGGCTATTATGACCGTGCAA 
GATCTTTTGAATATCACCATTGATAACTATGTTCAAATTAATATGCAAGGCCTTATTGATCTTGTGAATGC 
AGTTGGAGGGATTACAGTTACAAATGAGTTTGATTTTC CTATCTCGATTGC TGAAAAC GAACG TGAATATC 
AAGCTACTGTTGCGCCTGGAACACACAAAATTAACGGTGAACAAGCTTTGGTTTATGCTCGTATGCGTTAT 
GATGATCCTGAGGGAGATTATGGTC GACAAAAGCGTC AAC GTGAAGTC ATTC AAAAGGTATTGAAAAAAAT 
CCTTGCTCTTGATAGCATTAGCTCTTATCGGAAGATTTTATCTGCTGTAAGTAGTAATATGCAAACGAATA 
TCGAAATCTCTTCTCGCACTATCCCTAGTCTATTAGGTTATCGTGACGCACTTAGAACTATTAAGACTTAT 
CAACTAAAAGGAGAAGATGCCACTTTATCAGATGGTGGATCATACCAAATTGTTACCTCTAATCATTTGTT 
AGAAATCCAAAATCGTATCCGAACAGAATTAGGACTTCATAAGGTTAATCAATTAAAAACAAATGCTACTG 
TTTATGAAAATTTGTATGGGTCAACTAAGTCTCAGACAGTAAACAACAACTATGACTCTTCAGGCCAGGCT 
CC ATC TTATTCTGATAGTC ATAGC TCTTACGCTAATTATTCAAGTGGAGTAGATAC CGGC C AGAGTGCTAG 
TACAGACCAGGACTCTACTGCTTCAAGCCATAGGCCAGCTACGCCGTCTTCTTCATCAGATGCTTTAGCAG 
CTGATGAGTCTAGCTCATCAGGGTCTGGATCATTAGTTCCTCCTGCTAATATCAACCCTCAGACCTAA 

SEQ ID NO: 102 amino acid sequence comprising N-terminal leader sequence of GAS 95 

MKIGKKIVLMFTAIVLTTVLALGVYLTSAYTFS 
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SEQ ID NO: 103 amino acid sequence comprising a fragment of GAS 95 where the N-terminal 
leader sequence is removed. 

TGELSKTFKDFSTSSNKSDAIKQTRAFSILLMGV^ 
DTLTTLSGPKIMSrE^^^ 

F.DFPI SIAENEPEYQATVAPGTHKlNGEQALWARMRYDDPEGDYGRQKRQREVIQKVliKKILAIjDS ISSY 
RKILSAVSSNMQTNIEISSRTIPSLLGYRDALRTIKTYQLKGEDATLSDGGSYQIVTSIOHLLEIQISrRIRTE 
LGLHKVNQIiKTNATWEl^YGSTKSQTVlQHNYD S S GQAP S YSDSHS S YANYS SGVDTGQS ASTDQDSTAS S 
HRPATPS S S SDALAADE S S S SGSGSLVPPANINPQT 

SEQ ID NO: 104 amino acid sequence comprising GAS 193 

MKKRKIjLAVTIjIjSTIIjIjNS AVPLVVADT SIjRNST s stdqpttadtdtddesetpkkdkksketasqhdtqk 

DHKPSHTHPTPPSNDTKQTDQASSEATDKP^^ 

QQKDQTPDKTPEKSADKTPEKGPEKATDKTPEPNRDAPKPIQPPLAAAPVFIPWRESDKDLSKLKPSSRSS 
AAYVRHWTGD S AYTHNIjL S RR YGI TAE QLDGFLNSLG I H YDKERLNGKRLIjEWEKLTGIiDVRAI VA I AMAE 
SSLGTQGVAKEKGAfSTMFGYGAFDFNPlS^^ 

LIDGGVYFTDTSGSGQRRADIMTKLDQWIDDHGSTPEIPEHLKITSGTQFSEVPVGYKRSQPQNVLTYKSE 
TYSFGQCTWYAYNRVKELGYQVDRYMGNGGDWQRKPGFVTTHKPKVGY\/VSFAPGQAGADATYGHVAWEQ 
I KEDGS ILI SESNVMGLGTI S YRTFTAEQASLLTYWGDKLPRP 

SEQ ID NO: 105 polynucleotide sequence encoding GAS 193 

ATGAAGAAAAGGAAATTGTTAGCAGTAACACTATTAAGTACCATACTCTTAAACAGTGCAGTGCCATTAGT 
TGTTGCTGATACCTCCTTGCGTAATAGCACATCATCCACTGATCAGCCTACTACAGCAGATACTGATACGG 
ATGACGAGAGTGAAACACCAAAAAAAGACAAAAAAAGCAAGGAAACAGCGTCGCAGCACGACACCCAAAAA 
GACCATAAGCCATCACACACTCACCCAACCCCCCCTTCAAATGATACTAAGCAGACCGATCAGGCATCATC 
TGAAGCTACTGACAAACCAAATAAAGACAAAAACGACACCAAGCAACCAGACAGCAGTGATCAATCCACCC 
CATC TCC CAAAGACC AGTC GTCTCAAAAAGAGTC ACAAAACAAAGACGGC CGAC CTACCC C ATC ACCTGAT 
CAGCAA?y^GATCAGACACCTGATAAAACACCAGAAAAA.TCAGCTGATAAAACCCCTGAAAAAGGACCAGA 
AAAAGCAACTGATAAAACACCAGAGCCAAATCGTGACGCTCCAAAACCCATCCAACCTCCTTTAGCAGCTG 
C TC CTGTCTTTATACCTTGGAGAGAAAGTGAC AAAGAC C TGAGCAAGCTAAAAC C AAGC AGTCGCTCATC A 
GCGGCTTACGTGAGACACTGGACAGGTGACTCTGCCTACACTCACAACCTGTTGTCACGCCGTTATGGGAT 
TACTGCTGAACAGCTAGATGGTTTTTTGAACAGTCTAGGTATTCACTATGATAAAGAACGCTTAAACGGAA 
AGCGTTTATT AGAATGGGAAAAACTAAC AGGACTAGAC GTTC GAGCTATC GTAGCTATTGC AATGGC AGAA 
AGCTC AC TAGGTACTC AGGGAGTTGC TAAAGAAAAAGGAGCCAATATGTTTGGTTATGGCGC CTTTGACTT 
CAACCCAAACAATGCCAA^AAATACAGCGATGAGGTTGCTATTCGTCACATGGTAGAAGACACCATCATTG 
CCAACA^AACCAAACCTTTGAAAGACAAGACCTCAAAGCAAAAAAATGGTCACTAGGCCAGTTGGATACC 
TTGATTGATGGTGGGGTTTACTTTACAGATACAAGTGGCAGTGGGCAAAGACGAGCAGATATCATGACCAA 
ACTAGACCAATGGATAGATGATCATGGAAGCACACCTGAGATTCCAGAACATCTCAAGATAACTTCCGGGA 
C AC AATTTAGCGAAGTGCCC GTAGGTTATAAAAGAAGTC AGC C ACAAAAC GTTTTGACCT AC AAGTC AGAG 
ACC TAG AGCTTTGGCCAATGC ACTTGGTACGC C TATAATC GTGTCAAAGAGCTAGGTTATC AAGTCGAC AG 
GTACATGGGTAACGGTGGCGACTGGCAGCGCAAGCCAGGTTTTGTGACCACCCATAAACCTAAAGTGGGCT 
ATGTCGTCTCATTTGCACCAGGCCAAGCAGGAGCAGATGCAACCTATGGTCACGTTGCTGTTGTAGAGCAA 
ATCAAAGAAGATGGTTCTATCTTAATTTCAGAGTCAAATGTTATGGGACTAGGCACCATTTCCTATCGGAC 
GTTCACAGCTGAGCAGGCTAGTTTGTTGACCTATGTCGTAGGGGACAAACTCCCAAGACCATAA 

SEQ ID NO: 106 amino acid sequence comprising GAS 137 

MSDKHINLVIVTGMSGAGKTVAIQSFEDLGY 

EINSTLDSIESNPSIDFRILFLDATDGELVSRYKETRRSHPLAADGRVLDGIRLERELLSPLKSMSQHVVD 

TTKLTPRQLRKTISDQFSEGSNQASFRIEVMSFGFKYGLPLDADLVFDVRFLPNPYYQVELREKTGLDEDV 

FNYVMSHPESEVFYKHLLNLIVPILPAYQK^ 

DQNRRKETVNRS 

SEQ ID NO: 107 polynucleotide sequence encoding GAS 137 

ATGTCAGACAAACACATTAATTTAGTTATTGTGACAGGAATGAGCGGCGCTGGAAAAACAGTTGCCATTCA 
GTCTTTTGAGGATCTAGGCTACTTTACCATTGATAATATGCCCCCAGCCTTGGTTCCAAAATTTTTAGAAT 
TAATTGAACAAACCAATGAAAATCGTAGGGTGGCTTTGGTTGTCGATATGAGAAGTCGTTTGTTTTTCAAG 
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GAAATTAATTCTACCTTAGATAGTATTGAAAGCAATCCTAGCATTGATTTTCGGATTCTTTTTTTGGATGC 
AACGGATGGAGAATTGGTGTCACGCTATAAAGAAACCAGACGGAGCCACCCTTTGGCTGCGGACGGTCGTG 
TGCTTGATGGTATTCGATTGGAAAGAGAACTCCTATCTCCTTTGAAAAGCATGAGCCAACATGTGGTGGAT 

AC AACAAAATTGACC CCTAGAC AATTGCGTAAAAC CATTTC AGACC AGTTTTCTGAAGGGTCTAATC AAGC 

CTCTTTCCGTATTGAAGTGATGAGCTTTGGGTTCAAATATGGTCTTCCTTTGGATGCGGATTTGGTTTTTG . 

ATGTGCGTTTTCTACCCAATCCTTATTATCAGGTAGAGCTTCGTGAAAAAACAGGACTAGATGAGGACGTT 

TTTAATTATGTGATGTCTCACCCAGAATCAGAGGTGTTTTACAAGCATTTGTTAAACCTTATTGTCCCTAT 

CTTACCGGCTTACCAAAAAGAAGGGAAGTCTGTCTTGACGGTGGCTATTGGCTGCACAGGAGGCCAACACC 

GCAGCGTTGCCTTTGCCCATTGCTTGGCAGAAAGTCTGGCAACAGATTGGTCGGTTAATGAAAGCCATCGT 

GATC AAAATC GTC GT AAGGAAAC GGTGAATCGT TC AT GA 

SEQ ID NO: 108 amino acid sequence comprising GAS 84 

MI I KKRTVAILAIAS SFFLVA CQATKSLKSGDAWGVYQKQKS ITVGFDNTFVPMGYKDESGRCKGFDIDLA 
KEVFHQYGLKVNFQAINWDMKEAELNNGKIDVIWNGYS ITKERQDKYAFTDS YMRNEQI I WKKRSDIKTI 
SDMKHKVLGAQSASSGYDSLLRTPKLLKDFIKN 

GQLENYRMIPTTFENEAFSVGLRKEDKTLQAKINRAFRVLiYQNGKFQAISEKWFGDDVATANIKS 

SEQ ID NO: 109 polynucleotide sequence encoding GAS 84 

ATGATTATAAAAAAAAGAACCGTAGCAATTTTAGCCATAGCTAGTAGCTTTTTCTTGGTAGCT TGTCAAGC 
TACTAAAAGTCTTAAATCAGGAGATGCTTGGGGAGTTTACCAAAAGCAAAAAAGTATTACAGTTGGTTTTG 
ACAATACGTTTGTTCCTATGGGCTATAAGGATGAAAGCGGCAGATGCAAAGGTTTTGATATTGATTTGGCT 
AAAGAAGTTTTTCACCAATATGGACTCAAGGTTAACTTTCAAGCTATTAATTGGGACATGAAAGAAGCAGA 
ACTAAACAATGGTAAAATTGATGTAATCTGGAATGGTTATTCAATAACTAAGGAGCGTCAGGATAAGGTTG 
CCTTTACTGATTCTTACATGAGAAATGAACAAATTATTGTTGTCAAAAAAAGATCTGATATTAAAACAATA 
TC AGATATGAAAC ATAAAGTGTTAGGAGC AC AATC AGCTTC ATCAGGTTATGACTCC TTGTTAAGAAC TC C 
TAAACTGCTGAAAGATTTTATTAAAAATAAAGACGCTAATCAATATGAAACCTTTACACAAGCTTTTATTG 
ATTTAAAATCAGATCGTATCGATGGAATATTGATTGACAAAGTATATGCCAATTACTATTTAGCAAAAGAA 
GGGCAATTAGAGAATTATCGGATGATCCCAACGACCTTTGAAAATGAAGCATTTTCGGTTGGACTTAGAAA 
AGAAGACAAAACGTTGCAAGCAAAAATTAATCGTGCTTTCAGGGTGCTTTATCAAAATGGCAAATTTCAAG 
CTATTTCTGAGAAATGGTTTGGAGATGATGTTGCCACTGCCAATATTAAATCTTAA 

SEQ ID NO: 110 amino acid sequence comprising N-terminal leader sequence of GAS 84 

MIIKKRTVAIIiAXASSFFLVA 

SEQ ID NO: 111 amino acid sequence comprising a fragment of GAS 84 where the N-terminal 
leader sequence is removed 

CQATKSLKSGDAWGVYQKQKSITVGFDNTFVPMGYKD^ 
EAELNNGKIDVIWNGYSITKERQDKV 

RTPKLIjKDF IKNKDAN QYETFTQAF IDLKSDRIDGILIDKVYAlSrYYLAKEGQIiENYRMX PTTFENEAFSVG 
LRKEDKTLQAKINRAFRVLYQNGKFQAISEKWFGDDVATANIKS 

SEQ ID NO: 112 amino acid sequence comprising GAS 384 

MKTLAFDTSNKTLSIiAILBDETLXiADMTLNIQKKHSVSLMPAIDFLMTCTDLKPQDLERIWAKGPGSYTG 
LRVAVATAKTLAYSLNIALVGISSLYADAASTCKQYPNTLWPLIDARRQMAYVGYYRQGKSVMPQAHASL 
EVIIEQLVEEGQIilFVGETAPFAEKIQKKLPQAILIiPTLPSAYECGLliGQSLAPENVDAFVPQYLKRVEAE 

ENWLKDNE IKDDS HYVKR I 

SEQ ID NO: 113 polynucleotide sequence encoding GAS 384 

ATGAAGACACTTGCATTTGATACCTCAAATAAAACCTTGTCCCTTGCTATACTTGATGATGAGACACTTCT 
AGC AGATATGAC CCTTAACATTC AGAAAAAAC ATAGTGTTAGCCTTATGC C TGCTATTGATTTTTTGATGA 
CTTGT AC TGATCTTAAAC C TCAAGATTTAGAAAGAATAGTGGTTGCAAAAGGCC C TGGATC TTAC AC AGGT 
TTACGAGTGGCAGTTGCTACTGCAAAAACGTTAGCGTACAGTTTAAATATTGCATTGGTCGGGATTTCGAG 
TCTATATGCTTTGGCTGCGTCTACTTGTAAACAGTATCCAAATACTTTGGTGGTGCCATTGATTGATGCTA 
GAAGGCAAAATGCGTATGTAGGTTATTATCGGCAAGGAAAATCAGTGATGCCACAAGCCCATGCTTCACTA 
GAAGTTATTATAGAACAATTAGTAGAAGAAGGACAGCTGATTTTTGTTGGGGAGACTGCTCCTTTTGCTGA 
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GAAAATTCAAAAGAAACTACCTCAGGCGATACTACTTCCAACCCTTCCTTCTGCTTACGAATGTGGTCTTT 
TGGGGCAAAGTTTGGCACCAGAAAATGTAGACGCCTTTGTCCCTCAATATCTCAAGAGAGTGGAAGCTGAA 
GAAAACTGGCTCAAAGATAATGAGATAAAAGATGATAGTCACTACGTTAAGCGAATCTAA 

SEQ ID NO: 114 amino acid sequence comprising GAS 202 

I^KRLWjILGPLLIAFVLWIT 
SSEWSRMDSMHPSVLAERYKRSYRPFLIGKR^ 
AVQMYLSNTQVIEFLIjKARTDKESQFAAK^^ 
ESLFSFLGKSTIXn<rEKRILPRVKGLPKVFSYKQ^ 

QVNYSYLAS PEYNDFQLLLS EF AKRKTDVLF VIT PVNKAWADYTGLNQDKYQAAVRKIKFQLKSQGFHRI A 
DFSKDGGESYFMQDTIHLGWNGWLAFDKKVQPFLETK^ 

SEQ ID NO: 115 polynucleotide sequence encoding GAS 202 

ATGCTTAAGAGACTCTGGTTAATTCTAGGTCCTCTTCTTATTGCCTTTGTTTTAGTAGTGATTACTATTTT 
TAGTTTTCCTACACAACTTGATCATTCCATAGCTCAGGAAAAAGCAAATGCCGTTGCGATCACAGATAGTT 
CTTTTAAAAATGGTTTGATTAAAAGACAAGCTTTATCAGATGAGACTTGTCGTTTTGTGCCTTTTTTTGGT 
TCTAGCGAATGGAGTCGAATGGATAGTATGCACCCTTCGGTGCTTGCAGAGCGCTACAAGCGGAGCTATAG 
ACCATTTTTAATTGGTAAGAGAGGATCAGCATCTTTGTCGCATTATTATGGTATACAACAAATTACCAATG 
AAATGCAAAAGAAAAAAGCCATCTTTGTAGTATCTCCTCAATGGTTTACTGCTCAAGGGATTAATCCTAGT 
GCGGTTCAGATGTACTTGTCTAACACTCAAGTGATTGAATTTTTACTAAAAGCTAGAACTGATAAAGAATC 
ACAGTTTGCAGCAAAGCGTTTGCTTGAGCTTAACCCTGGTGTGTCTAAATCAAACTTATTGAAAAAAGTAA 
GTAAGGGTAAGTCTCTTAGTCGGTTAGACAGAGCTATTTTGAAATGTCAACATCAAGTAGCATTGAGAGAA 
GAGTCCCTTTTTAGTTTTTTAGGCAAATCTACTAACTATGAAAAAAGAATTTTGCCTCGCGTTAAGGGATT 
ACCTAAAGTATTTTCGTATAAACAATTGAATGCATTAGCAACTAAGAGAGGCCAATTAGCAACAACCAACA 
ACCGTTTTGGGATTAAAAATACATTTTATCGTAAACGAATAGCACCTAAATACAATCTTTATAAGAATTTC 
CAAGTTAATTATAGTTACCTGGCGTCACCAGAATACAATGATTTTCAGCTTTTATTATCAGAATTTGCTAA 
ACGAAAAACAGATGTACTCTTTGTTATAACTCCTGTTAATAAAGCTTGGGCGGATTATACCGGCTTAAATC 
AAGATAAGTATCAAGCGGCAGTTCGTAAAATAAAATTCCAGTTAAAGTCACAAGGATTTCATCGCATTGCT 
GACTTCTCAAAAGATGGTGGTGAGTCCTACTTTATGCAAGATACCATCCATCTCGGTTGGAATGGCTGGTT 
AGCTTTTGATAAGAAAGTGCAACC ATTTCTAGAAAC GAAGC AGC CAGTGC C CAAC TATAAAATGAACC CTT 
ATTTTTATAGTAAAATTTGGGCAAATAGGAAAGACTTGCAATAG 

SEQ ID NO: 116 amino acid sequence comprising GAS 057 

MEKKQRFSLRKYKSGTFSVLIGSVFLVMTTTVAA DELSTMSEPTITNHAQQQAQHLTNTELSSAESKSQDT 

SQITLKTNREKEQSQDLVSEPTTTELADTD 

QGKWAVXDTGIDPAHQSMRISDVSTAKVTCSKED^^ 

FEDFDEDWENFEFDAEAEPKAIKKHKIYRPQSTQAPKEWIKTEETDGSHDIDWTQTDDDTKYESHGMHVT 
GX VAGNSKEAAATGERFLGI APEAQVMFMRVFANDIMGSAE SLFI KAI EDAVALGADVINLSLGTANGAQL 
S G SK PLMEAI EKAKKAGVS VWAAGNERVYGS DHDD PL ATNPD YGLVGS P S TGRT PT S VAAINS KWVI QRL 
MTVKELENRADLNHGKAIYSESVDFKDI^ 

DEMIALAKKHGALGVLIFNNKPGQSNRSMRLTANGMGIPSAFISHEFGKAMSQLNGNGTGSLEFDSWSKA 
PSQKGNEMNHFSNWGLTSDGYLKPDIT^ 

NLPKEKIADIVKNLLMSNAQIHWPETCT 
TFDVTVHI^SNKDKTLRYDTEL 

LTKQMPNGYYLEGFVRFRDSQDDQLNRWIPFVGFKGQFENLAVAEESIYRLKSQGKTGFYFDESGPKDDI 
YVGKHFTGLVTLGS ETNVSTKTI SDNGLHTLGTFKNADGKF I LEKNAQGNPVLAI S PNGDNNQDFAAFKGV 
FLRKYQGLKASVYHASDKEHKNPLWVSPESFKGDKNFNSDIRFAKSTTLLGTAFSGKSLTGAELPDGHYHY 
WSYYPDWGAKRQEMTFDMIIiDRQKPVLSQATFDPETNRFKPEPLKDRGLAGVRKDSVFYLERKDNKPYT 
VTINDSYKYVSVEDNKTFVERQADGSFILPLDPCAKLGDFYYWEDFAGNVAIAKLGDHLPQTIiGKTPIKLK 
LTDGISTYQTKETLKDEn^EMTQSDTG 

IWYNDLTVm^TAKDDHQKQTPIWSSQAGASVSAIESTAWYGITARGSKVMPGDYQYWTYRDEHGKEHQKQ 
YTISVNDKKPMITQGRFDTINGVDHFTP 

YIPKNPDGSYTlSKRDGVTLSDYYYLVEDRAGWSFATLRDLKAVGKDKAVVNFGLDIiPVPEDKQIVNFTY 
LVRDADGKPIEISTLEYYNNSGNSLILPYGKYTVELLT^ 

TSQITAHFDHLLPEGSRVSLKTAQDQLIPLEQSLWPKAYGKTVQEGTYEVWSLPKGYRIEGNTKVNTLP 
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GLTCVFSRKKSTKD 

SEQ ID NO: 117 polynucleotide sequence encoding GAS 057 

GTGGAGAAAAAGCAACGTTTTTCCCTTAGAAAATACAAATCAGGAACGTTTTCGGTCTTAATAGGAAGCGT 
TTTCTTGGTGATGACAACAACAGTAGCA GCAGATGAGCTAAGCACAATGAGCGAACCAACAATCACGAATC 
ACGCTCAACAACAAGCGCAACATCTCACCAATACAGAGTTGAGCTCAGCTGAATCAAAATCTCAAGACACA 
TC ACAAATC AC TC TC AAGACAAATC GTGAAAAAGAGC AATC AC AAGATCTAGTCTCTGAGC C AACC ACAAC 
TGAGCTAGCTGACACAGATGCAGCATCAATGGCTAATACAGGTTCTGATGCGACTCAAAAAAGCGCTTCTT 
TACCGCCAGTCAATACAGATGTTCACGATTGGGTAAAAACCAAAGGAGCTTGGGACAAGGGATACAAAGGA 
CAAGGCAAGGTTGTCGCAGTTATTGACACAGGGATCGATCCGGCCCATCAAAGCATGCGCATCAGTGATGT 
ATCAACTGCTAAAGTAAAATCAAAAGAAGACATGCTAGCACGCCAAAAAGCCGCCGGTATTAATTATGGGA 
GTTGGATAAATGATAAAGTTGTTTTTGCACATAATTATGTGGAAAATAGCGATAATATCAAAGAAAATCAA 
TTCGAGGATTTTGATGAGGACTGGGAAAACTTTGAGTTTGATGCAGAGGCAGAGCCAAAAGCCATCAAAAA 
ACACAAGATCTATCGTCCCCAATCAACCCAGGCACCGAAAGAAACTGTTATCAAAACAGAAGAAACAGATG 
GTTCACATGATATTGACTGGACACAAACAGACGATGACACCAAATACGAGTCACACGGTATGCATGTGACA 
GGTATTGTAGCCGGTAATAGCAAAGAAGCCGCTGCTACTGGAGAACGCTTTTTAGGAATTGCACCAGAGGC 
CCAAGTCATGTTCATGCGTGTTTTTGCCAACGACATCATGGGATCAGCTGAATCACTCTTTATCAAAGCTA 
TCGAAGATGCCGTGGCTTTAGGAGCAGATGTGATCAACCTGAGTCTTGGAACCGCTAATGGGGCACAGCTT 
AGTGGCAGCAAGCCTCTAATGGAAGCAATTGAAAAAGCTAAAAAAGCCGGTGTATCAGTTGTTGTAGCAGC 
AGGAAATGAGCGCGTCTATGGATCTGACCATGATGATCCATTGGCGACAAATCCAGACTATGGTTTGGTCG 
GTTCTCCCTCAACAGGTCGAACACCAACATCAGTGGCAGCTATAAACAGTAAGTGGGTGATTCAACGTCTA 
ATGACGGTCAAAGAATTAGAAAACCGTGCCGATTTAAACCATGGTAAAGCCATCTATTCAGAGTCTGTCGA 
C TTTAAAGAC ATAAAAGATAGCCTAGGTTATGATAAATC GC ATC AATTTGC TTATGTCAAAGAGTCAACTG 
ATGCGGGTTATAACGCACAAGACGTTAAAGGTAAAATTGCTTTAATTGAACGTGATCCCAATAAAACCTAT 
GACGAAATGATTGCTTTGGCTAAGAAACATGGAGCTCTGGGAGTACTTATTTTTAATAACAAGCCTGGTCA 
ATCAAACCGCTCAATGCGTCTAACAGCTAATGGGATGGGGATACCATCTGCTTTCATATCGCACGAATTTG 
GTAAGGCCATGTCCCAATTAAATGGCAATGGTACAGGAAGTTTAGAGTTTGACAGTGTGGTCTCAAAAGCA 
CCGAGTCAAAAAGGCAATGAAATGAATCATTTTTCAAATTGGGGCCTAACTTCTGATGGCTATTTAAAACC 
TGAC ATTACTGC AC C AGGTGGCGATATCTATTC TACC TATAACGATAACC ACTATGGTAGCCAAAC AGGAA 
CAAGTATGGCCTCTCCTCAGATTGCTGGCGCCAGCCTTTTGGTCAAACAATACCTAGAAAAGACTCAGCCA 
AACTTGCCAAAAGAAAAAATTGCTGATATCGTTAAGAACCTATTGATGAGCAATGCTCAAATTCATGTTAA 
TCCAGAGACAAAAACGACCACCTCACCGCGTCAGCAAGGGGCAGGATTACTTAATATTGACGGAGCTGTCA 
CTAGCGGCCTTTATGTGACAGGAAAAGACAACTATGGCAGTATATCATTAGGCAACATCACAGATACGATG 
ACGTTTGATGTGACTGTTCACAACCTAAGCAATAAAGACAAAACATTACGTTATGACACAGAATTGCTAAC 
AGATCATGTAGACCCACAAAAGGGCCGCTTCACTTTGACTTCTCACTCCTTAAAAACGTACCAAGGAGGAG 
AAGTTACAGTCCCAGCCAATGGAAAAGTGACTGTAAGGGTTACCATGGATGTCTCACAGTTCACAAAAGAG 
CTAACAAAACAGATGCCAAATGGTTACTATCTAGAAGGTTTTGTCCGCTTTAGAGATAGTCAAGATGACCA 
ACTAAATAGAGTAAACATTCCTTTTGTTGGTTTTAAAGGGCAATTTGAAAACTTAGCAGTTGCAGAAGAGT 
C C ATTTAC AGATTAAAATCTC AAGGC AAAACTGGTTTTTAC TTTGATGAATC AGGTC C AAAAGACGATATC 
TATGTCGGTAAACACTTTACAGGACTTGTCACTCTTGGTTCAGAGACCAATGTGTCAACCAAAACGATTTC 
TGAC AATGGTCTAC AC ACACTTGGCAC C TTTAAAAATGC AGATGGCAAATTTATC TTAGAAAAAAATGCCC 
AAGGAAACCCTGTCTTAGCCATTTCTCCAAATGGTGACAACAACCAAGATTTTGCAGCCTTCAAAGGTGTT 
TTCTTGAGAAAATATCAAGGCTTAAAAGCAAGTGTCTACCATGCTAGTGACAAGGAACACAAAAATCCACT 
GTGGGTCAGCCCAGAAAGCTTTAAAGGAGATAAAAACTTTAATAGTGACATTAGATTTGCAAAATCAACGA 
CCCTGTTAGGCACAGCATTTTCTGGAAAATCGTTAACAGGAGCTGAATTACCAGATGGGCATTATCATTAT 
GTGGTGTCTTATTACCCAGATGTGGTCGGTGCCAAACGTCAAGAAATGACATTTGACATGATTTTAGACCG 
AC AAAAAC C GGTAC TATCACAAGC AAC ATTTGATC CTGAAACAAACC GATTCAAAC C AGAACCC CTAAAAG 
ACCGTGGATTAGCTGGTGTTCGCAAAGACAGTGTCTTTTATCTAGAAAGAAAAGACAACAAGCCTTATACA 
GTTACGATAAACGATAGCTACAAATATGTCTCAGTAGAAGACAATAAAACATTTGTGGAGCGACAAGCTGA 
TGGCAGCTTTATCTTGCCGCTTGATAAAGCAAAATTAGGGGATTTCTATTACATGGTCGAGGATTTTGCAG 
GGAACGTGGCCATCGCTAAGTTAGGAGATCACTTACCACAAACATTAGGTAAAACACCAATTAAACTTAAG 
CTTACAGACGGTAATTATCAGACCAAAGAAACGCTTAAAGATAATCTTGAAATGACACAGTCTGACACAGG 
TCTAGTCACAAATCAAGCCCAGCTAGCAGTGGTGCACCGCAATCAGCCGCAAAGCCAGCTAACAAAGATGA 
ATCAGGATTTCTTTATCTCACCAAACGAAGATGGGAATAAAGACTTTGTGGCCTTTAAAGGCTTGAAAAAT 
AACGTGT ATAATGACTTAAC GGTTAACGT AT AC GCTAAAGATGAC C AC C AAAAAC AAAC C C C TATC TGGTC 
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TAGTCAAGCAGGCGCTAGTGTATCCGCTATTGAAAGTACAGCCTGGTATGGCATAACAGCCCGAGGAAGCA 
AGGTGATGCCAGGTGATTATCAGTATGTTGTGACCTATCGTGACGAACATGGTAAAGAACATCAAAAGCAQ 
TACACCATATCTGTGAATGACAAAAAACCAATGATCACTCAGGGACGTTTTGATACCATTAATGGCGTTGA 
CCACTTTACTCCTGACAAGACAAAAGCCCTTGACTCATCAGGCATTGTCCGCGAAGAAGTCTTTTACTTGG 
CCAAGAAAAATGGCCGTAAATTTGATGTGACAGAAGGTAAAGATGGTATCACAGTTAGTGACAATAAGGTG 
TATATCCCTAAAAATCCAGATGGTTCTTACACCATTTCAAAAAGAGATGGTGTCACACTGTCA.GATTATTA 
CTACCTTGTCGAAGATAGAGCTGGTAATGTGTCTTTTGCTACCTTGCGTGACCTAAAAGCGG'TCGGAAAAG 
ACAAAGCAGTAGTCAATTTTGGATTAGACTTACCGGTCCCTGAAGACAAACAAATAGTGAACTTTACCTAC 
CTTGTGCGGGATGCAGATGGTAAACCGATTGAAAACCTAGAGTATTATAATAACTCAGGTAACAGTCTTAT 
CTTGCCATACGGCAAATACACGGTCGAATTGTTGACCTATGACACCAATGCAGCCAAACTAGAGTCAGATA 
AAATCGTTTCCTTTACCTTGTCAGCTGATAACAACTTCCAACAAGTTACCTTTAAGATAACGATGTTAGCA 
ACTTCTCAAATAACTGCCCACTTTGATCATCTTTTGCCAGAAGGCAGTCGCGTTAGCCTTAAAACAGCTCA 
AGATC AGCTAATCC CGCTTGAAC AGTC CTTGTATGTGC CTAAAGCTTATGGCAAAAC CGTTC AAGAAGGC A 
CTTACGAAGTTGTTGTCAGCCTGCCTAAAGGCTACCGTATCGAAGGCAACACAAAGGTGAATACCCTACCA 
AATGAAGTGCACGAACTATCATTACGCCTTGTCAAAGTAGGAGATGCCTCAGATTCAACTGGTGATCATAA 
GGTTATGTCAAAAAATAATTCACAGGCTTTGACAGCCTCTGCCACACCAACCAAGTCAACGACCTCAGCAA 
CAGCAAAAGCC CTACCATCAACGGGTGAAAAAATGGGTCTCAAGTTGCGCATAGTAGGTCTTGTGTTACTC 
GGAC TTAC TTGCGTCTTTAGC CGAAAAAAATC AAC C AAAGATTGA 

SEQ ID NO: 118 amino acid sequence comprising N-terminal leader sequence of GAS 57 

MEKKQRFSLRKYKSGTF S VL IGS VFLVMTTTVA 

SEQ ID NO: 119 amino acid sequence comprising a fragment of GAS 57 where the N-tercninal 
leader sequence is removed 

ADELSTMSEPTITNHAQQQAQHLTNTELSSAESKSQDTSQITLKTNREKEQSQDLVSEPTTTELADTDAAS 
MANTGSDATQKSASLPPWTDVHDWKTKGAWDKGYKGQGKWAVIDTGIDPAHQSMRISDVSTAKVKSKE 
DMLARQKAAGIISrreSWINDKWFAH^ 

QAPKETVIKTEETDGSHDIDWTQTDDDTKYESHGMHVTGIVAGNSKEAAATGERFLGIAPEAQVMFMRVFA 
NDIMGS AE S LF I KA1 EDAVALGADVINIj SLGTANGAQLSGS KPIjMEAI EKAKKAGVS VVVAAGJSTERVYGS D 
HDDPLATNPDYGLVGSPSTGRTPTSVAAINSKWIQRLMTVKELENRADLNHGKAIYSESVDFKDIKDSLG 
YDKSHQFAYVKE S TDAGYNAQDVKGKIAL I ERD PNKTYDEMIAIjAKKHGALGVXj IFNNKPGQSNRSMRLTA 
NGMGIPSAFISHEFGKAMSQLNGNGTGSLEFDSWS^^ 
YSTYNDNBYGSQTGTSMASPQIAGASL/LVK^^ 

RQQGAGLLNI DGAVT S GLYVTGKDNYGS I SLGNI TDTMTFDVTVHNL SNKDKTLRYDTELLTDHVDP QKGR 
FTLTSHSLKTYQGGEVTVPANGKV^^ 

GFKGQFENLAVAEESIYRLKSQGKTGFYFDESGPKDDIWGKHFTGLVTLGSETNVSTKTISDlSTGLHTIiGT 

FKNADGKF ILEKNAQGNPVLAX S PNGDHNQDFAAFKGVFIjRKYQGLKASVYHASDKEHKNPIjWVS PESFKG 

DKNFNSDIRFAKSTTLLGTAFSGKSIiTGAELPDGHYHYWSYYPDWGAKRQEMTFDMILDRQKPVLSQAT 

FDPETNRFKPEPLKDRGLAGVRKDSVFYLERKDNKPYTVTIISroSYKYVSVEDNKTFVERQADGSFIIiPIiDK 

AKLGDFYYMVEDFAGWAIAKLGDHLPQTLGKTPIK^ 

VWRNQPQSQLTKMNQDFFISPNEDGNKDFV^^ 

IESTAWYGITARGSKVMPGDYQYWTYRDEHGKEHQKQYTISWDKKPMITQGRFDTINGVDHFTPDKTKA 

LDSSGIVREEVFYLAKKNGRKFDVTEGKDGITVSDNKVYIPKHPDGSYTISKRDGVTLSDYYYL 

VS F ATLRDLKAVGKDKA WNFGLDL PVP EDKQI VNFT YLVRDAPGKP I ENL E Y YNNS GNS L I L P YGKYTVE 

LLTYDTNAAKLESDKIVSFTLSADlSriSrFQQVTFKITMLATSQITAHFDHLLPEGSRVSLKTAQDQIilPIiEQS 

LYVPKAYGKTVQEGTYEVVVSLPKGYRIEGNT^ 

LTASATPTKSTTSATAKALPSTGEICMGLKLRIVGLVLLGIiTCVFSRKKSTKD 

SEQ ID NO: 120 amino acid sequence comprising C-terminal hydrophobic region 

LPSTGEKMGLKLRIVGLVLLGLTCVFSRKKSTKD 

SEQ ID NO: 121 amino acid sequence comprising a fragment of GAS 57 where the C-terminal 
hydrophobic region is removed 

MEKKQRFSLRKYKSGTFSVLIGSVFLVMTTTVAADELSTMSEPTITNHAQQQAQHLiTNTELSSAESKSQDT 
SQITLKTNREKEQSQDLVSEPTTTELADTDAASMANTGSDATQKSASLPPWTDVHDWVKTKGA.WDKGYKG 
QGKWAVI DTG I DP AHQSMRI SDVSTAKVKS KEDMLARQKAAGINYG S WINDKVVF AHNYVENS DNI KENQ 
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FEDFDEDWENFEFDAEAEPKAIKKHKIYRPQSTQAPKEWIKTEETDGSHDIDWTQTr>DDTKYESHGMHVT 
GI VAGNSKEAAATGERFLGI APEAQVMFMRVFANDIMGS AE SLF IKAI EDAVALGADV^INLSLGTANGAQIj 
SGSKPLMEAI EKAKKAGVS VVVAAGNERVYGSDHDDPXjATNPDYGLVGS PSTGRTPTS VAAINSKWVI QRL 
MTVKELENRADIiNHGKAI YS E SVDFKD1KDSLGYDKSHQF AYV1CESTDAGYNAQDVKGKI ALI ERDPNKTY 
DEMIALAKKHGALGVLIFISHSTK 

P SQKGNEMNHF SNWGIjT SDGYLrKPDITAPGGDI YSTYNDNHYGSQTGT SMAS PQI AGA. SLLVKQYIjEKTQP 

NIjPKEKIADIVKlNnLLMSNAQ 

TFDVTVHNLSNKDKTLRYDTEL^ 

LTKQMPNGYYLEGFVRFRDSQDDQLNRWIPFVGFKGQFE^AVAEESIYRLKSQGK'TGFYFDESGPKDDI 
WGKHFTGLVTLGSETNVSTKTISDNGIiHTLGTFKNADGKFILEKNAQGNPVL 

FrjRKYQGLKASWHASDKEHKNPLWVSPESFKGDKNFNSDIRFAKSTTIiLGTAFSGKSXiTGAELPDGHYHY 

WSYYPDWGAKRQEMTFDMILDRQKPVLSQATFDPETNRFKPEPLKDRGLAGVRKDSVFYLERKDNKPYT 

VTIITOSYKYVSVEDNKTFVERQADGSFILPL 

LTDGIWQTKETLKDNLEMTQSDTGLVT^ 

WYJTOLTVWYAKDDHQKQTPIWSSQAGASVSAIESTAWYGITARGSKVMP 

YTI SVNDKKPMITQGRFDTINGVDHFTPDKTKALDS SGI VREEVF YLAKKNGRKFDVTEGKDGIT VSDNKV 
YI PKNPDGS YTI SKRDGVTLSDYYYLVEDRAGIWSFATLRDLKAVGKDKAVVNFGLDL 3PVPEDKQIVNFTY 
LVRDADGKP I ENLEYYNNS GNSL I L P YGKYTVELLT YDTNAAKLESDKI VS FTL S ADNT<JFQQVTFKI TML A 
• TSQITAHFDHLDPEGSRVSDKTAQDQLIPLEQSLWPKAYGKTVQEGTYEVWSLPKGYRIEGNTKVNTLP 
NEVHELSLRLVKVGDASDSTGDHKVMSKNNSQALTASATPTKSTTSATAKA 

SEQ ID NO: 122 amino acid sequence comprising a fragment of GAS 57 whexe both the N- 
terminal leader sequence and the C-terminal hydrophobic region are removed 

ADEL S TMS E PTI TNHAQQQAQHLTNTEL S S AE SKS QDTS Q I TLKTNREKEQS QDLVS E IPTTTELADTDAAS 
MANTGSDATQKSASLPPWTDVHDWVK^KGAWDKGYKGQGKWAV 

DMLARQKAAGim"GSWINDKWFAHm^ENSDNIKENQFEDFDEDWENFEFDAEAEPKA.IKKHKIYRPQST 
QAPKETVI KTEETDGSHDI DWTQTDDDTKYE SHGMHVTGI VAGNSKEAAATGERFLGI APE AQVMFMRVFA 
IQBIMGSAESLFIKAIEDAVALGADVIKnijSLGTANGAQLSGSKPLMEAIEK^ 

HDDPLATNPDYGLVGSPSTGRTPTSVAAINSKWIQRLMTVKELENRADLNHGKAIYSESVDFKDIKDSLG 
YDKSHQFAYVKE STDAGYNAQDVKGKI AD I ERDPNKTYDEMI AliAKKHGAIiGVL I FNUICPGQ SNRSMRLTA 
NGMG I P S AF I SHEFGKAMSQLNGNGTGSLrEFD S WSKAP SQKGNEMNHF SNWGLT SDGYTJKPDITAPGGDI 
YSTYNDNHYGSQTGTSMASPQI^ 
RQQGAGLLNIDGAVTSGLYVTGKDNYGSISLGN^ 

FTLTSHSLiKTYQGGEVTVPANGKVTVRVTMDVSQFTKELTKQMPNGYYLEGFVRFRDSQDDQLNRVNIPFV 
GFKGQFElSn^AVAEESIYRLKSQGKTGFYFDESGPKDDIYVGKHFTGLVTLGSETNVSTICTISDNGIiHTLGT 
FKNADGKFILEKNAQGNPVLAIS PNGDNNQDF AAFKG VFLRK YQ GLKAS VYHAS DKEHKHSTPLWVS PESFKG 
DKNFNSDIRFAKSTTLLGTAFSGKSLTGAELPDGHYHYWSYYPDWGAKRQEMTFDMriiDRQKPVLSQAT 
FDPETNRFKPEPLKDRGLAGVRKDSVFYLERKDNKPYTVTIlSrDSYKYVSVEDNKTFVERQADGSFIIiPIiDK 
AKLGDFYYiyrVEDFAGJWAIAKLGDHLPQTLGK^ 

WHRNQPQSQLTKMNQDFFISPNEDGNKDFVAFKGLK^^ ICWSSQAGASVSA 
IESTAWYGITARGSKVMPGDYQYVVTYRDEHGKEHQ 

LDSSGIVREEVFYLAKKNGRKFDVTEGKDGITVSDNKVYIPKNPDGSYTISKRDGVTLSIDYYYIiVEDRAGN 
VSFATLRDLKAVGKDKAVVNFGLDLPVPEDKQIV^ 

IiLTYDTNAAKLESDKIVSFTLSADNNFQQVTFKITMLATSQITAHFDHLriPEGSRVSDK'TAQDQIilPLEQS 
LYVPKAYGKTVQEGTYEVWSLiPKGYRI EGNTKVNTLPNEVHELSLRLVKVGDASDSTGIDHKVMSKISINS QA 
liTASATPTKSTTSATAKA 

SEQ ID NO: 123 amino acid sequence of a GAS M protein 

MAK^NTNRHYSLRKLKTGT^ 

DLKARLENAMEVAGRDFKRAEELEKAKQALEDQRKDLETKIiKELiQQDYDLAKESTSWDRQRLEKELEEKKE 

ALELAIDQASRDYHRATALEKELEEKKKALELAIDQASQDYNRAWLEKELETITREQEnTNKIXfLLGNAKLE 

LDQLSSEREQLTIEKAKLEEEKQISDASRQSLiRRDLD^ 

QGLRRDLDASREAKKQVEKDLAISn^TAELDKV^ 

ALEKLNKELEESKKLTEKEKAELQAKLEA 

GQAPQAGTKPNQNKAPMKETKRQLPSTGETANPFFTAAALTVMATAGVAAVVKRKEEKT 
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SEQUENCE LISTING 
SEQ ID NO: 124 amino acid sequence of GAS Sfbl 

. MSFDGFFLHHLTNELKE^ 
PNTFTMIMRKYLQGAVIEQLEQIDNDR^ 
IKHVGFSQNSYRTILPGSTYIEPPKTAAWPFTITO 
LTTDKLKRFREFFARPTQANLTTASFAP^ 
ELDKISTRlSfKLSKQEAELL^ 

QRYFKKYQKLKEAVKHLSGLIADTKQSITYFESVDYNLSQASIDDIEDXREELYQAGFLKSRQRDKRHKRK 
KP EQYLASDGTT ILMVGRlSnsn^QNEEIjTFKMAKKGEIjWFHAKDI PGSHVH I KDNLDP SDEVKTDAAEIjAAYY 
SKARLSNLVQVDMIEAKKIiHKPSGAKPGFVTYTGQKTLRVTPDQAKiriSMKLS 

SEQ ID NO: 125 amino acid sequence of a GAS Shp protein 

MTKAAHIKQLLQVIVVFMISLSTM 
YSDAMLEVSDAGKIVLTFRMSLADYSGIXTC^ 

1 1 RGSMFVE PMGREWFYL S AS ELI QKYSGNX^L AQLiVTETDNS QNQEVKD S QKPVDTKLGES QDESHTGAM 

ITQNKPKANSSNISKSIjSDKK^ 

KKNDKTM 

SEQ ID NO: 126 amino acids 10 to 30 of GAS protein SagA 

F S I ATGS GNS QGGS GS YTPGKC 

SEQ ID NO: 127 polynucleotide sequence comprising fusion construct 117-40a~RR 

ATGGCCTTTAACACAAGCCAGAGTGTCAGTGCACAAGTTTATAGCAATGAAGGGTATCACCAGCATTTGAC 
TGATGAAAAATCAC ACC TGCAATATAGTAAAGACAACGC ACAACTTC AA.TTGAGAAATATCC TTGACGGCT 
ACC AAAATGAC CTAGGGAGAC ACTACTCTAGC TATTATTACTACAAC CTAAGAACC GTT ATGGGAC TATC A 
AGTGAGCAAGACATTGAAAAACACTATGAAGAGCTTA^ 

CGAAGGCGAGTAA^ 

GATGC AGTTGAAAAAAC TC TC AGTCAACAAAAAGC AGAACTGAC AGAGC TTGCT AC CGC TCTGAC AAAAAC 
TAC TGCTGAAATCAAC C ACTTAAAAGAGC AGC AAGATAATGAACAAAAA.GC TTTAAC CTC TGC AC AAGAAA 
TTTACACTAATACTCTTGCAAGTAGTGAGGAGACGCTATTAGCCCAAGGAGCCGAACATCAAAGAGAGTTA 
ACAGCTACTGAAACAGAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACA 
AAAAGCTAGCATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAAuCAAGTCAAAACGTCTGAACAAA 
ATATTGCTAAGCTCAATGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTCAAACGGCTAATGAT 
AATACAAAAGCATTAAGCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAA 
AAAGCAATTGACTGAAGAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTC 
TTAAATCCTC AGCTC CGTC TACTC AAGATAGC ATTGTGGGTAATAATAC C ATGAAAGC ACCGCAAGGCTAT 
CCTCTTGAAGAACTTAAAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAA 
AGAGCATGCAGATCAAATTATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATACCAAGATATTCCAG 
CAGATCGTAATCGCTTTGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCA 
GC TC AC ATGATTAATAGTGTAc G t c G t CAATTAGGTCTACC ACCAGTTA.CTGTTAC AGC AGGATC AC AAGA 
ATTTGCAAGATTACTTAGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATTTGTCTACGGAC 
AGCCAGGGGTATCAGGGCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCGGA'GCG 
TCAGGGCTCATTCGAAATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGATGTGCATACTGTGAA 
TGGTATTAAACGTGGTATTTATGACAGTATCAAGTATATGCTCTTTACAGATCATTTACACGGAAATACAT 
ACGGCCATGCTATTAACTTTTTACGTGTAGATAAACATAACCCTAATGCGCCTGTTTACCTTGGATTTTCA 
ACCAGCAATGTAGGATCTTTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCATCAACG 
CTTTAATAAGACCCCTATAAAAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGTATCTG 
ATACTATTGCAGCGATCAAAGGAAAAGTAAGCTCATTAGAAAATCGTT'PGTCGGCTATTCATCAAGAAGCT 
GATATTATGGCAGCCCAAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGA 
CAGCTTAAATCTCCAAGTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTA 
AAGCAAAACAAGCACAACTCGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCATCGTTGAAAGCCGCA 
CTGCACCAGACAGAAGCCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCA 
TTTGC AATATCTAAGGGAC TTTAAATTGAATCCTAAC C GC CTTC AAGTGATAC GTGAGC GC ATTGATAATA 
CTAAGCAAGATTTGGCTAAAACTACCTCATCTTTGTTAAATGCACAAGAAGCTTTAGCAGCCTTACAAGCT 
AAACAAAGCAGTCTAGAAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTTAAAACCTTAGCTAA 
CGAAAAGGAATATCGCCACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTA 
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CGGGCGTAAAACCGCTATCATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACG 
AAACAACTATTAGAAGCTTCAGCAAGATTAGGTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGG 
CCAAACCTCTGAAATGGTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCAT 
CTAAGACATCTTATGGCTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAA 
cGtgcggccgcactcgagCACCACCACCACCACCAC 



SEQ ID NO: 128 amino acid sequence comprising fusion construct 1 17-40a-RR 
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SEQ ID NO: 129 amino acid sequence comprising a linker in the 117-40a-RR construct 
YASGGGS 

SEQ ID NO: 130 polynucleotide sequence comprising 40a-RR-117 fusion construct 

ATGAGTGTAGGC GTATC TC AC C AAGTC AAAGC AGATGATAGAGCC TC AGGAGAAAC GAAGGC GAGTAATAC 
TCACGACGATAGTTTACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAACTATTGATGCAGTTGAAAAAA 
CTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACAAAAACTACTGCTGAAATCAAC 

C AC TTAAAAGAGC AGC AAGATAATGAACAAAAAGC TTTAA.CC TCTGC AC AAGAAATTTAC AC TAATACTCT 
TGCAAGTAGTGAGGAGACGCTATTAGCCCAAGGAGCCGAA.CATCAAAGAGAGTTAACAGCTACTGAAACAG 
AGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACAAAAAGCTAGCATTTCA 
GCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAAATATTGCTAAGCTCAA 
TGCTATGATTAGCAATCCTGATGCTATCACTAAAGCAGCTCAAACGGCTAATGATAATACAAAAGCATTAA 
GCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATC^JUVAGCTAAAGTTA 

GAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTCTTAAATCCTCAGCTCC 
GTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAA.GCACCGCAAGGCTATCCTCTTGAAGAACTTA 
AAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTAlCAATAATTATTACAAAGAGCATGCAGATCAA 
ATTATTGCCAAAGCTAGTCCAGGTAATCAATTAAATCAATACCAAGATATTCCAGCAGATCGTAATCGCTT 
TGTTGATCCCGATAATTTGACACCAGAAGTGCAAAATGAGCTAGCGCAGTTTGCAGCTCACATGATTAATA 
GTGTAcGtcGtCAATTAGGTCTACCACCAGTTACTGTTACAGCAGGATCACAAGAATTTGCAAGATTACTT 
AGTACCAGCTATAAGAAAACTCATGGTAATACAAGACCATCATTTGTCTACGGACAGCCAGGGGTATCAGG 
GCATTATGGTGTTGGGCCTCATGATAAAACTATTATTGAAGACTCTGCCGGAGCGTCAGGGCTCATTCGAA 
ATGATGATAACATGTACGAGAATATCGGTGCTTTTAACGA.TGTGCATACTGTGAATGGTATTAAACGTGGT 
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ATTTATGACAGTATCAAGTATATGCTCTTTACA.GATCATTTACACGGAAATACATACGGCCATGCTATTAA 
CTTTTTACGTGTAGATAAACATAACCCTAATGCGCCTGTTTACCTTGGATTTTCAACCAGCAATGTAGGAT 
CTTTGAATGAACACTTTGTAATGTTTCCAGAGTCTAACATTGCTAACCATCAACGCTTTAATAAGACCCCT 
ATAAAAGCCGTTGGAAGTACAAAAGATTATGCCCAAAGAGTAGGCACTGTATCTGATACTATTGCAGCGAT 
CAAAGGAAAAGTAAGCTCATTAGAAAATCGTTTGTCGGCTATTCATCAAGAAGCTGATATTATGGCAGCCC 
AAGCTAAAGTAAGTCAACTTCAAGGTAAATTAGCAAGCACACTTAAGCAGTCAGACAGCTTAAATCTCCAA 
GTGAGACAATTAAATGATACTAAAGGTTCTTTGAGAACAGAATTACTAGCAGCTAAAGCAAAACAAGCACA 
ACTCGAAGCTACTCGTGATCAATCATTAGCTAAGCTAGCATCGTTGAAAGCCGCACTGCACCAGACAGAAG 
CCTTAGCAGAGCAAGCCGCAGCCAGAGTGACAGCACTGGTGGCTAAAAAAGCTCATTTGCAATATCTAAGG 
GACTTTAAATTGAATCCTAACCGCCTTCAAGTGATACGTGAGCGCATTGATAATACTAAGCAAGATTTGGC 
TAAAACTACCTCATCTTTGTTAAATGCACAAGA-AGCTTTAGCAGCCTTACAAGCTAAACAAAGCAGTCTAG 
AAGCTACTATTGCTACCACAGAACACCAGTTGACTTTGCTTAAAACCTTAGCTAACGAAAAGGAATATCGC 
CACTTAGACGAAGATATAGCTACTGTGCCTGATTTGCAAGTAGCTCCACCTCTTACGGGCGTAAAACCGCT 
ATCATATAGTAAGATAGATACTACTCCGCTTGTTCAAGAAATGGTTAAAGAAACGAAACAACTATTAGAAG 
CTTCAGCAAGATTAGCTGCTGAAAATACAAGTCTTGTAGCAGAAGCGCTTGTTGGCCAAACCTCTGAAATG 
GTAGCAAGTAATGCCATTGTGTCTAAAATCACATCTTCGATTACTCAGCCCTCATCTAAGACATCTTATGG 
CTCAGGATCTTCTACAACGAGCAATCTCATTTCTGATGTTGATGAAAGTACTCAAcGUg^g^^^Bgg^l 

TTGACTGATGAAAAATC ACACC TGCAATATAGTAAAGAC AAC GC AC AACTTC AATTGAGAAATATC CTTGA 
CGGCTACCAAAATGACCTAGGGAGACACTACTCTAGCTATTATTACTACAACCTAAGAACCGTTATGGGAC 
TATCAAGTGAGCAAGACATTGAAAAACACTATG^AGAGCTTAAGAACAAGTTACATGATATGTACAATCAT 
TATgcggccgcactcgagCACCACCACCACCACOAC 



SEQ ID NO: 131 amino acid sequence comprising the 40a~RR-117 fusion construct 
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SEQ ID NO: 132 polynucleotide sequence comprising fusion construct GAS 117 - 40a 

atggcctttaacacaagccagagtgtcagtgcacaagtttatagcaatgaagggtatcaccagcatttgac 
tgatgaaaaatcac acctgc aatatagtaaagac -aac gc ac aac ttc aattgagaaatatcc ttgacggc t 
accaaaatgacctagggagacactactctagctattattactacaacctaagaacIgttatgggactatca 
agtgagcaagacattgaaaaacactatgaagagcrrtaagaacaagttacatgatatgtacaatcattatgc 
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SEQUENCE LISTING 

^^^^^^^^^^ATGAGTGTAGGCGTATCTCACCAAGTCAAAGCAGATGATAGAGCCTCAGGAGAAA 
CGAAG^ 

gatgcagttgaaaaaactctcagtcaacaaaaagcagaactgacagagcttgctaccgctctgacaaaaac 
tactgctgaaatcaaccacJtaaaagagcagcaagataatgaacaaaaagctttaacctctgcacaagaaa 
tttacactaatactcttgcaagtagtgaggagacgctattagcccaaggagccgaacatcaaagagagtta 
acagctactgaaacagagcttcataatgctcaagcagatcaacattcaaaagagactgcattgtcagaaca 
aaaagctagcatttcagcagaaactactcgagctcaagatttagtggaacaagtcaaaacgtctgaacaaa 
atattgctaagctcaatgctatgattagcaatcctgatgctatcactaaagcagctcaaacggctaatgat 
aatacaaaagcattaagctcagaattggagaaggctaaagctgacttagaaaatcaaaaagctaaagttaa 
aaagcaattgactgaagagttggcagctcagaaagctgctctagcagaaaaagaggcagaacttagtcgtc 
ttaaatcctcagctccgtcta.ctcaagatagcattgtgggtaataataccatgaaagcaccgcaaggctat 
cctcttgaagaacttaaaaaa.ttagaagctagtggttatattggatcagctagttacaataattattacaa 
agagcatgcagatcaaattattgccaaagctagtccaggtaatcaattaaatcaataccaagatattccag 
cagatcgtaatcgctttgttgatcccgataatttgacaccagaagtgcaaaatgJgctagcgcagtttgca 
gctcacatgattaatagtgtaagaagacaattaggtctaccaccagttactgttacagcaggatcacaaga 
atttgcaagattacttagtaccagctataagaaaagtcatggtaatacaagaccatcatttgtctacggac 
agccaggggtatcagggcattatggtgttgggcctcatgataaaactattattgaagactctgccggagcg 
tcagggctcattcgaaatgatga r faacatgtacgagaatatcggtgcttttaacgatgtgcatactgtgaa 
tggtattaaacgtggtatttatgacagtatcaagtatatgctctttacagatcatttacacggaaatacat 
acggccatgctattaactttttacgtgtagataaacataaccctaatgcgcctgtttaccttggattttca 
accagcaatgtaggatctttgaatgaacactttgtaatgtttccagagtctaacattgctaaccatcaacg 
ctttaataagacccctataaaagccgttggaagtacaaaagattatgcccaaagagtaggcactgtatctg 
at ac tattgc agcgatcaaaggaaaagtaagctc attagaaaatcgtttgtc ggctattcatc aagaagct 
gatattatggc agc c caagc taaagtaagtc aacttc aaggtaaattagcaagc ac acttaagc agtc aga 
cagcttaaatctccaagtgagacaattaaatgatactaaaggttctttgagaacagaattactagcagcta 
aagcaaaacaagc ac aactc gaagctactc gtgatcaatc attagctaagctagc atcgttgaaagccgc a 
ctgc ac c agac agaagc c ttagc agagc aagcc gc agc c agagtgac agc ac tggtggctaaaaaagctc a 
tttgcaatatctaagggactttaaattgaatcctaaccgccttcaagtgatacgtgagcgcattgataata 
ctaagc aagatttggctaaaac tacc tc atctttgttaaatgc ac aagaagc tttagc agcc ttac aagct 
aaacaaagcagtctagaagctactattgctaccacagaacaccagttgactttgcttaaaaccttagctaa 
cgaaaaggaatatcgc c actt agac gaagatatagct actgtgcctgatttgc aagt agctcc acc tctta 
cgggc gt aaaaccgctatcatatagtaagatagatac tactccgc ttgttc aagaaatggttaaagaaac g 
aaacaactattagaagcttcagcaagattagctgctgaaaatacaagtcttgtagcagaagcgcttgttgg 
ccaaacctctgaaatggtagcaagtaatgccattgtgtctaaaatcacatcttcgattactcagccctcat 
ctaagacatcttatggctcaggatcttctacaacgagcaatctcatttctgatgttgatgaaagtactcaa 

cGtgcggccgcactcgagCACCACCACCACCACCAC 



SEQ ID NO: 133 amino acid sequence comprising fusion construct GAS 117-40a 
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SEQ ID NO: 134 polynucleotide sequence comprising fusion construct GAS 117-40N 

ATGGCCTTTAACACAAGCCAGAGTGTCAGTGCACAAGTTTATAGCAATGAAGGGTATCACCAGCATTTGAC 
TGATGAAAAATCACACCTGCAATATAGTAAAGACAACGCACAACTTCAATTGAGAAATATCCTTGACGGCT 
ACCAAAATGACCTAGGGAGACACTACTCTAGCTATTATTACTACAACCTA^GAACCGTTATGGGACTATCA 




CGAAGGCGAGTAATACTCACGACGATAGTTTACCAAAACCAGAAACAATTCAAGAGGCAAAGGCAACTATT 
GATGCAGTTGAAAAAACTCTCAGTCAACAAAAAGCAGAACTGACAGAGCTTGCTACCGCTCTGACAAAAAC 
TACTGCTGAAATCAACCACTTAAAAGAGCAGCAAGATAATGAACAA2U^GCTTTAACCTCTGCACAAG2yVA 
TTTACACTAATACTCTTGCAAGTAGTGAGGAGACGCTATTAGCCCAAGGAGCCGAACATCAAAGAGAGTTA 
ACAGCTACTGAAACAOAGCTTCATAATGCTCAAGCAGATCAACATTCAAAAGAGACTGCATTGTCAGAACA 
AAAAGCTAGCATTTCAGCAGAAACTACTCGAGCTCAAGATTTAGTGGAACAAGTCAAAACGTCTGAACAAA 
ATATTGCTAAGCTC AATGCTATGATTAGCAATCC TGATGC TATC ACTAAAGCAGCTC AAACGGC TAATGAT 
AATACAAAAGCATTA^GCTCAGAATTGGAGAAGGCTAAAGCTGACTTAGAAAATCAAAAAGCTAAAGTTAA 
AAAGCAATTGACTGA^GAGTTGGCAGCTCAGAAAGCTGCTCTAGCAGAAAAAGAGGCAGAACTTAGTCGTC 
TTAAATCCTCAGCTCCGTCTACTCAAGATAGCATTGTGGGTAATAATACCATGAAAGCACCGCAAGGCTAT 
CCTCTTGAAGAACTT^AAAAATTAGAAGCTAGTGGTTATATTGGATCAGCTAGTTACAATAATTATTACAA 
AGAGCATGCAGATC AAATTATTGCCAAAGCTAGTCCAGGTAATC AATTAAATCAATACCAAgcggc cgc ac 
tcgagCACCACCACCACCACCAC 

SEQ ID NO: 135 
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